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COMOC: THREE-DIMENSIONAL BOUNDARY REGION VARIANT
PROGRAMMER'S MANUAL
By
J. A. Orzechowski & A. J. Baker
Bell Aerospace Company
SUMMARY
The Three-Dimensional Boundary Region.Variant of the COMOC
computer program system solves the partial differential equation
system governing certain three-dimensional flows of a viscous,
heat conducting, multiple-species, compressible fluid including
combustion. The solution is established in physical variables,
and employs a finite element solution algorithm for the boundary
value portion of the problem description in combination with an
explicit marching technique for the initial value character.
The computational lattice may be arbitrarily non-regular, and
boundary condition constraints are readily applied. The program-
mer's manual contains a brief capsule of the mathematical prob-
lem description and the theoretical foundation of the solution
algorithm.	 It presents a detailed description on the construc-
tion and operational sequence of the program, and provides com-
plete instructions on the utilization of the many optional fea-
tures of the code. A more complete description of the theoret-
ical foundation of the finite element solution algorithm, and a
detailed discussion of computational results for several sample
problems in fluid mechanics is contained in the theoretical guide
and user's manual [Ref. l].
INTRODUCTION
The finite element methodology for numerical solution of
initial-boundary value problems in continuum mechanics is growing
rapidly. Formerly constrained to solution of structural problems,
or other linear field problems wherein an equivalent extremum
principle exists, the theoretical support is now sufficiently gen-
eralized to render the method directly applicable to explicitly
nonlinear problems, including viscous fluid mechanics [Ref. I-3].
The COMOC computer program system is being developed to transmit
this rapid theoretical progress into a viable numerical solution
capability. On the way to generation of this general purpose
concept, several Variants of COMOC have been developed for spe-
cific problem classes including transient thermal analysis [Ref.
41 and the two-dimensional Navies Stokes equations [Ref. 51.
-f
- The Three-dimensional	 Boundary Region	 (3DBR)	 Variant	 of
'r COMOC,	 to	 which this	 programmer's	 manual	 is	 addressed,	 solves
the three-dimensional	 boundary region equations for flow of a
viscous,	 heat	 conducting,	 multiple-s p ecies,	 compressible fluid
including	 combustion.	 The	 flow may be	 external	 or confined,
subsonic	 or	 supersonic,	 laminar	 and/or	 turbulent,	 and	 can	 con-
:, tain
	 up to	 nine or more distinct 	 species	 in	 frozen composition
or	 undergoing	 eauilibrium	 chemical	 reaction for a	 hydrogen/
oxygen/air	 system.	 The	 finite	 element	 solution	 procedure
marches	 the discretized	 equivalent	 of the	 governing	 eauation
system	 in	 the direction
	
parallel	 to	 the	 p redominant flow.	 It
numerically	 establishes	 the com p lete three-dimensional	 distri-
butions	 of	 the three	 scalar velocity com p onents,	 enthalpy,
tem p erature,	 density,	 viscosity,	 and	 all	 applicable	 s p ecies mass
fractions.	 Initial	 distributions	 of	 all	 de p endent	 variables may
be arbitrarily s pecified,	 and	 boundary condition constraints	 for
each	 dependent	 variable are	 user-specifiable on arbitrarily 	 dis-
joint	 segments	 of the	 solution domain closure.	 The	 solutions
for	 each
	
dependent variable,	 and	 all	 computed	 parameters,	 are	 es-
tablished	 at	 node p oints	 lying	 on	 a	 s p ecifiably	 non-regular	 com-
putational
	 lattice
	
formed	 by	 plane	 triangulation	 of	 the	 elliptic
solution
	 domain.
All
	
Variants	 of	 the COMOC	 system are	 built upon the macro-
_ structure	 illustrated	 in	 Fig.	 1.	 The main	 executive	 routine	 al-
locates	 core,	 using	 a	 variable	 dimensioning	 scheme,	 based	 upon
the total	 degrees	 of	 freedom	 of	 the	 problem.	 The	 size	 of	 the
largest	 problem that	 can	 be	 solved	 is	 thus	 limited	 by	 the core
size of
	 the computer	 in	 use.	 The	 precise mix	 between	 number	 of
dependent	 variables	 (and	 parameters),	 and	 fineness	 of	 the	 dis-
cretization,	 is	 user-specifiable	 and	 widely variable.	 The	 Input
module	 serves	 its	 standard	 function	 for	 all	 dependent	 variable,
parameter,	 and	 geometric	 coordinate arrays.	 The	 Discretization
module	 forms	 the finite	 element discretization	 of	 the	 solution
domain,	 and	 evaluates	 all	 required	 finite	 element	 non-standard
matrices	 and	 standard-matrix	 multi p liers.	 The	 Initialization
module com putes
	
the remaining	 initial	 parametric	 data	 reouired
to	 start	 the	 solution.	 The	 Integration	 Module constitutes	 the
p rimary	 execution
	
sequence	 of	 problem	 solution.	 It	 is	 based
upon an
	 explicit finite	 difference	 integration	 al g orithm for	 the
: column	 vector	 of	 unknowns	 o.f	 the	 solution,	 for which	 the discre-
tized	 description	 is	 initial-valued.	 Calls	 to	 auxiliary	 routines
for
	 parameter
	
evaluation,	 e.g.,	 viscosity,	 Prandtl	 number,	 source
terms,	 combustion	 Parameters,	 etc.,	 as	 specified functions	 of
- dependent	 and/or'indep.endent	 variables	 are	 governed	 by	 the	 Inte-
gration Module.
	 The	 user has	 considerable	 latitude	 to	 adapt
COMOC
	 to	 the	 specifics	 of	 his	 particular	 problem at	 this	 point,
by directly
	 inserting	 easily written	 subroutines	 into	 COMOC	 to
compute	 special	 forms	 of these	 parameters.	 The Out p ut module.
is	 similarly addressed	 from	 the	 integration	 sequence	 and	 serves
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its standard function via a highly automated array display
algorithm. COMOC can execute distinct problems in sequence and
, i contains an automatic restart capability to continue solutions.
The 3DBR Variant of COMOC, as a direct consequence of the
expansive problem class to which it may be addressed, is a fairly
large and complex computer p rogram. This p rogrammer's manual
presents a brief introduction to the partial differential equa-
tion system being solved, and summarizes the theoretical founda-
tions for the combined finite element--finite difference nroce-
dunes used to establish the desired numerical solution. This is
followed by a complete description of 3DBR COMOC including envi-
ronment, program specifications, link and subroutine structure,
p rogram comments and detailed flow charts. The instructions for
machine set-up and execution of the code are included, and sample
output for the standard test cases is fully discussed. A com-
plete discussion on the technical aspect of solutions for the
standard test cases is p resented in the user's guide [Ref. 1].
PROBLEM TASK DESCRIPTION
The system of partial differential equations governing the
three-dimensional boundary region flow of a compressible fluid
is obtained from the parabolic approximation to the full Navier--
Stokes equations.
	 The parabolic ap p roximation, 1.e.,."parabolic
Navier-Stokes e q uations," describe steady, three-dimensional
flows wherein, 1) a predominant flow direction is uniformly dis-
cernible, 2) in this direction (only), diffusion processes are
negligible compared to convection, and 3) no disturbances are
p ropagated upstream anti parallei to this direction. 	 The boundary
region evuation system is obtained from naraholic Navier-Stokes
with the single additional assumption that a known pressure dis-
tribution is superimposed upon the flow field.
	 It is the numer-
ical solution of this equation system to which 3DBR COMOC is
addressed.	 Identify the three-dimensional velocity vector
u i
	uli + u 2 j + 
u3F	 (1)
For development of the differential e q uation system, assure that
i is aligned parallel . to the.pre`dominant flow direction. 	 Iden-
tify a two-dimensional vector differential operator as
i
.rL
where the comma identifies the gradient operator. Employing
Cartesian tensor notation, with summation over 2 and 3 for re-
peated Latin subscripts, the three - dimensional boundary region
equation system for a multiple-species, compressible, reacting
flow takes the form
Q	 (Pui)si + (P u l ) 1 1	 (3)
e
Pu 1 Y5 1 	 -	 Sc Re Y'k Ilk	 PukYak	 Sa 	(4)
e
Pu l u l 'l	 -	 R ui lk ] 	 - Pukul ,k - p'' 1 	(5)
e
Pulu3,1 -	 R u3,k	
- Puku3°k - p'3	
(6)
'k
e
P u 1 H , 1	 =	 Rey p U, k ak - PukH,k
e
w M^ 
[L- rr 
2	
(u •u •) 9 k]
3 3	 ilk
Sc-Pr e 	 a a
	 7Sc-Pr R ah Y 'k °k	 ( )
The variables appearing in Eq. (3)-(7) are non-dimensionalized
with respect to p T„ U c., c CO , T,,, and a length constant E., and
have their usual interpretation in fluid.meehanics.The Reynolds
(Re), Prandtl (Pr), and Schmidt (Sc) numbers are defind with
respect to the effective diffusion coefficient;, li e ,, i n algebraic
combination with the laminar and turbulent contributions as, for
example
a
H	
	
haYa + 2 ukuk	 (9)
a
The static enthalpy includes the Meat of formation, h a , of the
species in its definition as
T
ha	cpdT + ho	 (l0)
To
An equation of state is required to close the system. Assuming
perfect gas behavior for each species, from Dalton's law, obtain
p = pRT Y Y
a 41
where R is the universal gas constant and Wc` is the molecular
weight of the a-th species.
Equilibrium combustion of hydrogen/oxygen/air systems in
three-dimensional b.)undary region flow is operational in 3DBR
COMOC. The following reactions are assumed operative.	 .
2H + 0 { H2O
2H 4- H2
	
20	 02
H+ [itOH
	
rig + 20	 2N0	 ( i 2 )
(l l )
a
j
i.
k	 j
,
1
}
I
b
4{	
a
K	 ^XA]n[XS]m	 (13)
CXCIQ
Solution of Eq. (12) with (13), and coupled with conservation of
total and elemental mass, yields an algebraic equation system
for determination of the equilibrium composition of the system,
of the form.
[Mal 
€Xa l _ €const.}	 (14)
In Eq. (14), the elements of the matrix [NA] account for the
particular species mole fraction distribution, €Vl , containing
the ath elemental material, e.g., O, H, and N.
METHOD OF SOLUTION
The three - dimensional boundary region equation system,
except for global continuity, Eq. (3), is uniformly an initial-
boundary value problem of mathematical physics. Each of the
partial differential equations, Eq. (4)-(7), is a special case
of the general second-order, nonlinear partial differential
equation
L ( q )	 =	 K[K(q)q'k]?	 + f(q,q,i,xi) - g ( q ,X)	 =	 O	 (15)
where q is a generalized dependent variable identifiable with
each computational dependent variable.
	
In Eq. (15), f and g are
specified functions of their arguments, X is identified with xl
for boundary region flows, and x i .are the coordinates for which
second order derivatives exist in the lead term. The finite
element solution algorithm is based upon the assumption that
L(q) is uniformly parabolic within a bounded open domain n, i.e.,
the lead term in Eq. (15.) is uniformly elliptic within its domain
R, with closure 3R, where
St =	 R Y [Xo ' X )	 (1 ^ )
and Xo < X < -. For Eq. (15) uniformly parabolic, unique solo--
Lions for q are obtained pending specification of boundary
7
constraints on DR and an initial condition on RUaR. For the
former, the general form relates the function and its normal
YY	 derivative everywhere on the closure, DR, as
Q( q )	 T	 a(l)q(xi ,X) + a(2)Kq(xi $X), knk - a ( ' )	 0 (17)
In Eq. (17), the a ( ' ) (x.,X) are user specified coefficients,
the superscript bar notAtion constrains xi to DR, and n k is the
local outward-pointing unit normal vector.
	
For an initial
distribution, assume given throughout RUaR x Xc,
n(x i ,X o )	 go ( x i)	 (18)
The finite element solution algorithm is established for
the equation system (15)-(18), using the Method of Yeighted
Residuals ( M1-JR) formulated on a local basis.	 Since Ea. (15) is
valid throu g hout R, it is valid within' disjoint interior sub-
domains, R m , described by ( x i,X) ERm x CXo,X) called "finite
elements," wherein URm = R. Form an a p proximate solution for q
within Rm X E X a, X ), called gm ( x i , X ), byex pansion into a series
solution of the form
q* (x
	 =	 C(x i } } 7 fQ(X) } m	 (19)
wherein the functionals h ( x i ) are members of a function set com-
plete in Rm, and the unknown expansion coefficients, Qk( X ), rep-
resent the X--dependent values of gm(x i ,X). at specific locations
interior to Rm and on t+P closure, aRm, called "nodes."
To establish the values taken by the expansion coefficients
in Eq. ( 19), require that the local error in the annroximate so.-
lotion to both the differential equation, L(qm), and the boundary
condition statement, R(qm), for aRmnaR, be rendered orthogonal to
the s pace of the ap p roximation functions.	 Emcloying an unknown
algebraic multiplier, a, the resultant equation sets can be
combined as
{$(xi)}L(gm)dT	 A^Wx i )}Q(am) d ^	 0
	
(20)
Rm	 a Rmna R
8
The number of equations (20) is identical to the number of node
points of the finite element, Rm.
Equation (20) forms the basic operation of the finite
element solution algorithm and of 3DBR COMOC. Establishment of
the global solution algorithm, and determination of h, is accom-
plished by evaluating Eq. (20) in each of the M finite elements
of the discretized solution domain, and assembly of these M x n
equations into a global matrix system using Boolean algebra.
The lead term can be rearranged, using a Green-Gauss Theorem, to
yield
f {O(xi)}KCKq,,k^, dT
k
Rm
K	 (xi) }Kgm,knkda
DR 
K J {^(Xd l'kKgm,kdT
	 (21)
R 
For aRnaR nonvanishing, Eq. (21), the corresponding segment of
the close surface integral will cancel tip boundary condition
contribution, Eq. (20), by identifying Xa 	 ) with K of Eq. (15).
The contributions to the closed surface integral, Eq. (21), where
aRmnaR = 0 can be made to vanish. 	 Bence, combining Eq. (17)-(21),
the globally assembled finite element solution algorithm for the
representative partial differential equation system description
becomes
U - K j{^,}, k Kgm, kd^r k j{}(fm - gm)dT
 Rm 	  
K 
J
{^I(a( 1) gm - a (3) da	 = {0}	 (22)
DR  DR
The rank of the global equation system, Eq. (22), is identical
to the total number of node points on RUDR for which the depen-
dent variable requires solution.
	
Equation (22) is a first-
order, ordinary differential system, and the matrix structure
is sparse and banded. Solution of the ordinary differential
9
equation system is obtained using a finite difference numerical
integration procedure.
The solution algorithm for the global continuity equation
is similarly derived.	 Recognizing that Eq. (3) is an initial
value problem on put as a function of x 2 , with xl and x 3 appear-
ing as parameters, the approximation function need span only the
transverse coordinate direction as
q* =	 f(x 2 )} T {Q(x l 9x 3 )} m	(23)
The matrix elements Qk are nodal values of puZ; their functional
dependence requires solution of Eq. (3) along lines (x l ,x3) equal
a constant.	 The solution algorithm for Eq. (3) is directly s p ec-
ified as
f{4)}L(pu2 }do =
JR
m
where the matrix elements of f4)} are not coincidential with those
of {0}, Ea. (23), and the segm , nts Rm corresnond to lines of
(x l ,x 3 ) equal to a constant.
The functional flow chart for 3DDR COMOC is presented as
Fig. 1.
	
MAIN initializes execution of COMOC and allocates core
using a variable dimensioning procedure for the problem at hand.
The first steps within 1NPUT evaluate if a problem solution has
been completed, and if so, whether execution of an additional
problem is to be initiated. 	 QKNINT is the calling routine that
begins execution of a problem.	 The first ste p is INITIALIZATION
which includes reading of title cards as well as integer and
floating point NAMELIST input.
DISCRETIZATION is then called to establish a finite element
gridwork of the elli p tic solution domain as s p ecified in INPUT.
3DDR Variant of COMOC employs simplex (linear) functionals scan-
ning triangular shaped two--dimensional finite elements as annrox-
imation functions, Eq. (19).
	
Using a natural coordinate function
specification [Ref. 1, 7], accurate determination of the finite
element matrices is achieved including those that are highly non-
linear.	 All matrix expressions are determined in terms of scan-
dard matrices and/or standard matrix multi p liers.	 For example,
the first term in Eq. (22) is standard for all dependent vari-
ables.	 Assuming th generalized diffusion coefficient is dis-
tributed over the m 1h element as a dependent variable, obtain
10
(24)
4	 5
^rf
KJ411k
	 f
Rm 	  
KM T jB10}[B21lS]{Q} m 	 (25)
In Eq. (25) and the Following, matrices with B prefixes are
standard two-dimensional forms defined in jable 1 ,,. For Eq. (22)
identified with each dependent variable, fm and gm universally
contain the nonlinear convection term and the initial-value
operator as dominant terms. The finite element equivalent For
convection is
{ ^ }pu*q; kdT = f {MHO {puk }m{^}^k{Q }md•r
R 
	
R 
[B200S]{pU'}m {1311 } T {Q} m
	 (26)
where the elements of the vector, {pui}, are nodal values of the
planar mass flux transformed to a local coordinate system. The
initial-value operator, which comprises the mainstream convection
term, similarly becomes
f {0pujq; l dc- fIWOT{Pul}m{[.}T{Ql'dT
R m
	 R 
= { W I TCB3000S]{Q}-
	
(27)
where the matrix elements of [B3000S] are column matrices, see
Table 1. The superscript prime exterior to a matrix denotes an
ordinary derivative.
•
	
	 Computational entry 'to the INTEGRATION module, for each
dependent variable, is made through the inhomogeneous term in
the differential equation, Eq. (15). For mainstream momentum,
Eq. (5), this is the specified longitudinal pressure gradient.
Therefore, in Finite element matrix form
11
I
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TABLE 1
STANDARD FINITE ELEME14T MATRIX FORMS FOR SIMPLEX
FUNCTIONALS IN ONE- AND T110-DIFIENSIONAL SPACE
i
Matrix ( 1)
flame
Matrix
function Matrix Evaluation 
( 2),(3),(4)
{910)
f
J(^)d¢
1
Am—	 i
R
m
1
2 7	 -1	 0
[921151 { P),k {p)7k ^^^ 1	 0
0
kym
2	
=p	 rX	 ^ 
-71^
^X DT -l)
+ ^X3PT)Z !'}Z	 -'^X ^X2P2)
1
[920x5] f(¢}{{, }Tdn
Z	 1
IT	 2
1
1
R 2
m
r6j (21
{Z1W Uj
[930045] TdT Am
F2l f2!
J Rm
{6j
'^1 01
(911) (01k E2'	 4 2 r c3' ^
83 43
2 13.
[A20051 (0)(01Tdv
Lm 
L2
	 21
aRm
{A10) ^(4)dEr
`Ja Rm
(1) Matrix names are a 5 digit code covering dimensionality, nonlinearity, degree of
differentiation and special matrix properties, as [a. b, c, d, e, f] where;
a = A, 9, C for spaces of one-, two-, and three-dimensions,
b = number of coordinate functionsappearing in intagral or matrix,
c, d, a	 (0,1) Boolean counters indicating (no, yes) differentiation of each function,
a or f	 5, A, A for matrix symmetric, antisymmetric or general.
(2) Symmetric matrices are written in upper triangular form.
(3) Am = 1/2 (X2P2)(X3P3), the plane area of the triangular finite element.
W2 = the x 2 prime coordinate of node 2.
X3P3 = the x 3 prime coordinate of node 3.
(4) Im ° length of side for boundary condition (-UP2).	 k
f{^}p, l dT =
	 {BlO}p,l	 (28)
R 
For each species mass fraction, the equivalent expression involves
the element distributed source term, S ct , as
f
{^ )S"d-r - [B200S1{S0' 1m
	 (29)
R 
For non-constant, but equal Prandtl and Schmidt numbers, the
energy equation, Eq. (7), has one source term. An integration
using a Green-Gauss Theorem is appropriate; the generated sur-
face integral vanishes yielding
M2
f {} 2Re 
(
4rr u e ( u j u j )a k	 dT
Rm
M2
_ - 
Re{cp} a k 
(L;Pr)*,,e* u*u^ d-r
k
Rm
2
- Re {XMU}m{PR}TEB3000S] Z {UJI EB211S]{U J }m (30)J 1
Solution of the matrix equivalent of Eq. (22) occurs in the
INTEGRATION module, and is achieved using an explicit finite dif-
ference integration algorithm for large systems of nonlinear,
first-order ordinary differential equations. 	 3DBR COMOC employs
a first order accurate, predictor-multiple corrector algorithm
w i th an extended stability interval [Ref. 1, 81.	 Identifying
P,+ andp 2 + 1 as the sequentially predicted values of the depen-
deni varia g le qn+ l at the n+l s xl station, the integration algo-
ithm is
13
r	
y	 !^	 Jr
Y	 -
q'p n+1	 -	 al	 9  + hb11	 n
pn+1	 -	 a1
	
q 	
+	 h[bi	
pn+l	
+	
b 2 	 qn^
q n:1	 -	 a 3 	qn	 +	 h[b 7 	p n+l f 	+	 b 2 	q n 	 (31)
The	 a.	 and	 b.	 are fixed	 coefficients,	 and	 h	 is	 the	 current
integration	 step -size,	 Axl.	 The	 integration algorithm 	 attemp4s
to	 extrem •ize	 integration	 step-size	 automatically,	 based	 upon
internal
	 error	 control.	 An	 estimation	 of	 relative	 truncation
error	 is	 used	 of the form
I p2+	 W	 on^n	 1JRTEJ q	 (32)
If	 the	 relative	 truncation	 error	 associated	 with	 usin g	the	 given
integration	 step-size,	 h,	 to	 estimate	 the	 (n+l)st	 value	 of	 the
dependent	 variabl	 is	 less	 than	 the	 user-su p plied	 acceptable
_'. limit,	 the	 (n+l) s	estimate for	 the	 de p endent	 variable	 is	 accented.
" If	 the com p uted	 relative	 error	 exceeds	 the	 limit,	 the	 predicted
F< values	 are	 discarded,	 a	 smaller	 step-size	 selected, and	 the	 oper-
ations	 of	 Eq.	 (31)	 repeated.
Following	 an	 integration	 sequence,	 entrance	 into	 the
PARAMETER module	 is	 made	 to	 evaluate	 the remaining	 solution	 pa-
rameters	 and	 functions	 in	 terms	 of	 the	 newest distribution	 of
" dependent
	 variables.	 Evaluation	 of	 node	 p oint	 density and	 static
temperature	 is	 made	 first;	 for	 binary,	 isoenergetic	 flows	 with
temperature-independent	 specific	 heats,	 a	 simple	 quick	 running
subroutine may	 be addressed.	 For	 the more	 com p lex	 case,	 COMOC
can	 handle	 arbitrary frozen	 flow compositions,	 as	 well	 as	 the
equilibrium
	
composition	 of	 combustion	 of	 hydrogen/oxygen/air
mixtures	 as	 a	 function	 of	 temperature,	 pressure,	 and	 relative
concentrations	 of	 the	 elements,	 H2,	 02,	 N2,	 and Ar	 [Ref.	 q ].	 The
species	 considered	 are	 H2O,	 02,	 H2,	 N2,	 Ar,	 0,	 H,	 NO,	 and	 OH.
` Since all	 thermophysical	 properties	 are	 tem p erature	 dependent,
initialization	 is	 based	 upon	 a	 user	 input	 total	 temperature	 dis-
tribution.	 As	 a	 function	 of	 input	 pressure	 at	 initialization
and the	 built-in	 tables	 of	 thermodynamic	 data,	 distributions	 of
static	 temperature,	 frozen	 specific	 heat,	 and	 stagnation	 enthalpy
corresponding
	 to	 in p ut	 total	 tem p erature	 are determined	 usinq	 an
iteration	 algorithm	 based	 u p on	 the method	 of	 false	 nosition.	 All
solutions	 following	 initialization	 are	 rased	 u p on	 iteration	 to
equilibrium	 com p osition	 using	 computed	 nodal	 static	 temnerature
14
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as the convergence parameter. The iteration on temperature is
assumed to have converged when the difference between successive
iterates is less than 0.001 non-dimensional.
After convergence to a static temperature, the equilibrium
constants for chemical reaction are calculated from the Gibbs'
function. Composition is then determined using a modified Newton-
Raphson iterative procedure for solution of a system of nonlinear
algebraic equations. Once the nodal species equilibrium (or fro-
zen) composition is determined, enthalpy, entropy, molecular
weight, and specific heat are calculated for mixtures of ideal
gases in terms of the computed species mole fractions, X a . The
computed composition., 0, is based upon solution of the nonlinear
equilibrium equations for mole fraction of hydrogen, atomic oxy-
gen, and the square root of molecular nitrogen at nodes of the
discretization, using a Newton-Raphson iteration algorithm. A
maximum of thirty iterations are allowed for the solution to
converge within 10-	 In only a few cases has non-convergence
occurred, always within a few degrees of the threshold tempera-
ture for dissociation. For these solutions, the equations are
resolved assuming that dissociation is negligible, i.e., the mole
fractions of H, 0, OH, and NO are negligibly small in comparison
to H 23 0 2 , N 2 , and H20.
The next parameter evaluation is solution of the continuity
equation for u 2 . An evaluation of (puj),l is first required,
since no streamwise derivatives of a dependent variable can be
formed before the distribution of all variables is known in a
plane.	 In the discretized solution, the actual requirement is to
establish {pUll"; the following second-order accurate finite-dif-
ference formula is employed.
{p!! 1} n+l 	 -	 1hnhn+l hn 	 hn+l	 hn{2hn+1	 hn){pEl1}n+l
(h n + h n+l ) 2 {P g 1} n + hn+l {plJ1}n-1	 (33)
In Eq. (33), hn+l and h are the x l integration step-sizes,.
respectively, between tRe current xl station, xn+l, and the
previous two stations. An analytic expression is then estab-
lisheq for the x2 distributions of mass flux derivative using
a 2n11 order running-smoothing polynomial generator over.appro-
priate sequential panels of data. Using a unit.step for the
weighting function, ^D, Eq. (24) is integrated directly as
2	 x k+l
p(pu 2 ) =
	 I ak{x3) k+1
	
(34)
k=O
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Evaluation of Eq. (34) is repeated along each node column at
each 91 station.
Several additional subroutine calls then comnlete the
parameter evaluation phase. 	 Included herein is evaluation of
an integral mixing parameter, pertinent to cold flow hvdrogen-
air mixing problems, and the skin friction and wall Stanton
number distributions. Additional calls are made to evaluate
the two-dimensional distribution of Prandtl and Schmidt numbers..
An input data table is interrogated to evaluate the local static
pressure and the longitudinal pressure gradient. The nodal
distribution of laminar viscosity, as well as turbulent eddy
viscosity if being used, is then determined. The parametric
sequence is terminated with a call to subroutine SOURCE which
evaluates the dependent variable initialization arrays for the
next integration step forward. The integration execution phase
is then completed, Fig. 1, with a test to establish if the.
solution is complete and/or if an out p ut call is required.
Following these tests, execution is returned to INTEGRATION
to repeat the same sequence of operations.
PROGRAM DESCRIPTION
The 3DBR Variant of COMOC is written to be readily executed
on any large scale computer such as an IBM 360, 370, CDC 6600,
or UNIVAC 1108.
	 It is programmed in FORTRAN IV exclusively, ex-
ce p t for certain machine-dependent routines, e.g., date, address,
error handling, etc.
	
With overlay, COMOC uses about 60K words
on an IBM 360 for a solution region involving about 200 nodes
and about twelve degrees of freedom per node. Output can be
stored on tape or punched cards for future restarts.
Considerable effort has been devoted to construction of
3DBR COMOC in a uniform and consistent manner. A comprehensive
subroutine substructure is utilized to allow functional proces-
sing in a consistent and readily followed sequence.. 	 Input for--
mats are consistent and flexible, and program input controls are
standardized. Consistent notation of variable names is employed
in all subroutines, and only three major arrays are maintained.
The common block /VARBLE/ contains the IARRAY and the RARRAY.
The IARRAY.contains a list of all the integers used in common
throughout the program in locations 1 thru 200. Locations 201
thru 400 contain the entry locations in the I7. array where di--
mensioned variables are stored. The.RARRAY contains a list of
all the real scalers.used in common throu g hout the program. The
common block /ARRAYS/ contains the IZ array. This array contains
all the variahle dimensioned vectors, matrices and hollerith data
which are used by the p rogram.	 Shown in Table .2 is a.Iistina of
16
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TABLE 2
MAIN LINK OF CQMO(
'I
BDINPT LINK3 LOC
SCWPRN MAIN LOCATE
SUTHLD LINK4 LOOK.
SETDIE ABSAVE MATSUM
LINK2 ASMVEC MINMAX
RITE AVRG MPRD
LINKS GENDA MTRA
LINKI GMADD NBNDRY
READER INITBL OUTNOD
OUTV EC
PSIBC
RECIP
RESET
SETVAL
TENDA
VARMAX
V ECTA
XYSCAL
ir
r
the MAIN link of COMOC, and Table 3 presents the overlay structure
of the program for the IBM 360/65 computer.
The source listing of 3DBR COMOC is not included in this
document due to its excessive length. The following pages of
this section contain descriptions of the subroutines of 3DBR
COMOC, followed by macro-flow charts of their functional
sequencing.
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THE FOLLOWING PAGES CONTAIN A BRIEF DESCRIPTION OF THE SUBROUTINES
w IN THE COMOC COMPUTER PROGRAM.
NAMES IN PARENTHESES INDICATE CALLING ROUTINES.
IF NO NAME IS ENTERRED THEN SEVERAL ROUTINES 	 PLACE CALL. E.
MAIN
" THIS IS THE MAIN CONTROL PROGRAM! TO INITIALIZE THE	 IZ. ARRAY i	 1,.
THE RARRAY AND T14E	 [ARRAY TO ZEROES,.
TO INCREASE THE CAPACITY OF THE PROGRAM TO HANDLE MORE NODES
IT IS ONLY NECESSARY TO INCREASE THE DIMENSION OF THE IL ARRAY,
AFTER INITIALIZATION	 THE CONTROL ROUTINE B[IINPT IS CALLED. -"
BDINPT	 (MAIN)
THIS IS THE CONTROL ROUTINE TO INITIALIZE VECTORS AND TO CONTROL
` THE FLOW OF THE PROGRAM ACCORDING TO USER INPUT.
A CONTROL CARD WITH THE FOLLOWING PARAMETERS IS READ IN -
PARAMETER FORMAT
	
CARD COLS.
	
DESCRIPTION
V1	 A8	 1 -	 B	 CONTROL VARIABLE.
NX	 12	 9 -- 10	 INDEX FOR ROUTINE OR CALL LIST.
NPCD
	
I5	 11 - 15	 START POS. FOR PDUMP,
NREPET	 15	 16 -- 20	 END POS.	 FOR PDUMP.
NMUL
	
1015	 21 - 70	 A.	 NMUL(1)	 = RESTART TAPE.
:.: NMUL(21	 = RESTART	 PRINT NO.
" NMUL(3)	 = NEW RESTART TAPE.
B.	 NMUL (1)	 THRU NMU L (8)	 ARE !	 ''`
SCANNED TO FORM A MULTIPLIER
FOR REAL
	
INPUT.	 IF ALL ZERO
THEN	 1.0	 IS USED.
RTNE	 A8	 7L - 78	 ASSOC.	 WITH V1 = LINKI.	 THRU 7
LINKS.	 DENOTES NAME OF ROUTINE
TO BE CALLED.
(NOT USED BY PROGRAM)
IF KDUMP =	 1 IN NAME01,
	
THEN THE ENTIRE	 INPUT CARO	 IS PRINTED
IMMEDIATELY AFTER BEING READ FOLLOWED BY THE DATA THAT IS 	 BEING
STORED ALONG WITH THE DATA'S ENTRY POSITION
	 IN THE	 I Z ARk AY.
THIS ROUTINE LOOKS FIRST FOR A MATCH OF V1 WITH CERTAIN KFY WORDS
WHICH WILL EITHER CAUSE A SUBROUTINE 	 TO BE CALLED OR PRCGRAM
' FLOW TO OCCUR.
THE KEY WORDS THAT ARE SCANNED ARE -
^ f
BBBBB (BLANK)	 -	 RETURN TO SCAN ANOTHER CARD.
COMCIC
	
-	 PRINT THE COMOC TITLE PAGE	 TWO TIMES.
COMTITLE	 -	 READ A TITLE CARD WHICH WILL APPEAR ON CUMOC.r
DESCRIPT NX	 -	 CALL DSCRPT AND PROCESS ACCORDING TO NX.
1.9
;
END	 -- RETURN CONTROL TO MAIN PROGRAM, RESET ARRAYS
AND RETURN TO BDINPT.
EXIT	 - CALL EXIT.
FEEL	 SET IBL = 1.
FEDIMN
	
- CALL OTMENSIONALI7ATION ROUTINE FEDIMN.
FENAME -	 CALL FENAME TO SET OFFAULT SCALARS AND THFN
CALL NMELST TO READ IN NAMEOL AND NAME02
NAMELI STS.
FENS -	 SET IBL = 0.
ICOND -	 CALL ICOND TO PRINT REAL	 AND ITEGFR SCALARS.
INTEGER -	 ALLOWS NEW VALUES TO BE READ INTO A SEQUENCE
OF LOCATIONS IN THE BLIRDER f	IPLACE AND LOC
VECTORS
 .
KENO NX -	 ENTER-BOUNDARY NODES FOR QEP. 	 VAR.	 NX.
LINK1 NX -	 CALL LINKl(NX)
LINK2 NX -	 CALL LINK2(NX)
LINK3 NX -	 CALL LINK3(NX)
LINK4 NX -	 CALL LINK4(NX)
LINK5 NX -	 CALL LINK5(NX)
NAMELIST -	 CALL NMELST TO READ IN NAMEOI AND NAME02
NAMELISTS.
PDUMP NX -	 CALL PDUMP	 (IL(NPCD) i	IZ(NREPET) i	NX	 !
QKNINT -	 CHECK FOP	 DRHOBL OR ORHOGS USAGE.
COMPUTE DIFFUSION COEFFICIENTS.
COMPUTE SKIN FRICTION AND STANTON NUMBER.
INITIAL17E GAS ROUTINES.
PRINT	 INI TI ALI LATI ON CONTROLS.
CALL OKNINT.
REAL -	 ALLOWS NEW VALUES TO BE READ INTO A SEQUENCE
OF	 LOCATIONS IN THE VALUE AND NPLACE VECTORS.
RESTART -	 ALLOWS USER TO USE OUTPUT FROM A PREVIOUS
RUN FnR RESTARTING AND ALSO TO DFFINE A NEW
DATA SET TO SAVE OUTPUT FOR A FUTURE RESTART.
HOLIST -	 READ	 IN A SEQUENCE OF TITLES TO COINCIDE
WITH A
	 SCALAR	 {OUTPUT LIST	 WHICH WILL APPEAR
AT THE BEGINNING OF EACH OUTPUT	 DISPLAY.
VYYEND NX -	 DFNOTES END OF	 INPUT FOR DEP.	 VAR.	 NX.
VYYRDF NX -	 ALLOWS USER TO REDEFINE SELECTED ENTRIES
EITHER	 IN A DEPENDENT VARIABLE OR ONE OF
THE OTHER REAL	 VECTORS.
IF NEITHFR SITUATmN OCCURS,
THE VECTORS BORDER AND VALUE ARE SCANNED UNTIL A MATCH I5 FCUND
AND THE LOCATION IS STOREC IN THE PARAMETER 'K'.
BORDER IS A VFCTOR OF CONTROL NAMES WHICH IS SCANNED WITH THE USER
INPUT CONTROL FOR INTEGER INPUT.
20
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IARRAY(IPLACE(K)) = LOCATION IN THE IZ ARRAY AT WHICH TO BEGIN
STORING INTEGER ENTRIES.
IARRAY(LOC(K))	 = NUMBER OF ENTRIES STORED STARTING AT
IARRAY(IPLACE(K)).
IF NX	 .NE. -1r	 CALL GETBND TO ENTER INTEGER DATA.
IF NX
	 .EQ. -1f	 CALL ADDDEL TO ENTER INTEGER DATA.
SEE GETBND FOR INPUT DESCRIPTION.
BORDER IPLACE LOG
THICK 26B 93 ELEMENT 'THICKNESS VECTOR.
IPINT 205 31 SOLUTION SEQUENCE VECTOR.
PLOTS 311 123 PLOT VARIABLE AVECTOR.
NMAT 315 98 MATERIAL NUMBER VECTOR.
MELEM 316 14 MATERIAL TYPE/ELEMENT VECTOR.
PLOTYP 312 113 TYPE OF PLOT/VARIABLE VECTOR.
[CALL 321 125 LINK NOS.	 TO BE CALLED AT END OF QKNUIN.
ICALLS 322 125 ENTRY IN LINK TO BE CALLED.
IOMULT 323 60 OUTPUT VARIABLE MULTIPLIER FROM RARRAY.
IOSAVE 324 60 VARIABLE LIST TO BE DISPLAYED AT OUTPUT.
CNTPTS 327 47 CONTOURS NODES TO BE USED IN CONTES
AND DFCFBL.
CNTNDS 328 128 NO. OF NODES IN EACH CONTOUR LINE.
IBORD 238 131 COUNTER-CLOCKWISE LIST OF BOUNDARY.
IONUMB 331 .142 LIST OF ENTRIES IN RARRAY TO BE
DISPLAYED AT START OF EACH OUTPUT.
MPARA 335 142 LIST OF MULTIPLIERS IN RARRAY USED
TO MULTIPLY IONUMB ENTRIES.
VALUE IS A VECTOR OF CONTROL NAMES WHICH IS SCANNED WITH THE USER
INPUT CONTROL FOR REAL	 INPUT.
[ARRAY(NPLACE(K)) = LOCATION IN THE IZ ARRAY AT WHICH TO BEGIN
STORING REAL ENTRIES.
ROUTINE REDREL IS CALLED AT THIS TIME TO EATER DATA.
VALUE NPLACE
VTHICK 270 VALUE OF ELEMENT THICKNESSES.
DEFAULT =	 1.0 / ALL
VRHO, 284 DENSITY AT NODE POINTS.
DEFAULT = RHOINF
VTTAB 219 TABLE LOOK--UP TEMPERATURES.
DEFAULT = 1090.0
VCPTAB 218 TABLE LOOK -UP SPECIFIC HEATS.
DEFAULT = 0.24
VK1COR 289 X1--COORDINATES AT NODE POINTS.
DEFAULT = 0.0
21
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VX2COR 290 X2-COORDINATES AT NUDE POINTS.
DEFAULT = 0.0
VH 279 ENTHALPY DISTRIBUTION AT NODE POINTS.
DEFAULT = 0.0
VPSTAT 281 STATIC PRESSURE AT NODE POINTS.
DEFAULT = PINE I	 (RHOINF * UINF**2
	 )
VPLTSCL 313 SCALE FACTORS FOR PLOT VARIABLES.
DEFAULT =	 1.0
VAKTAB 317
DEFAULT = 1.0
V AKZTAB 318
DEFAULT = 1.0
VPRESS 291 PRESSURE VALUES AT NODE POINTS.
DEFAULT = PINF
VSCHMIDT 314 SCHMIDT NO.	 DIST.	 AT NODE POINTS.
DEFAULT = 0.7
VYY 282 DEPENDENT VAR.	 DIST.	 AT NODE	 POINTS.
DEFAULT = 0.0
VTEMP 285 TEMPERATURE DIST. AT NUDE	 POINTS.
DEFAULT = TOFINF
VTK 288 THICKNESS OF	 ELEMENTS	 IN THICK VECTOR.
DEFAULT =	 1.0 / ALC
VSUTHL D 33.3 MURFF,	 TREF,	 TCON AND EXP ENTRIES FOR SUTHLD.
DEFAULT =	 .1163F-4,	 494.1.	 204.0,	 1.5
VPRANDTL 334 PAANDTL NO.	 DIST.	 AT NODE	 POINTS.
DEFAULT = 6.7
VX,3ST 339 DOWNSTREAM	 STATIONS	 AT	 WHICH	 PRESSOR[	 IS	 rot f !^'!E•J.
VPVSX 340 DOWNSTRFAM PRESSURES AT VX3ST.
VEPSILON 336 TURBULENT VISCOSITY AT NODE	 POINTS.
DEFAULT = 0.0
LINK1
PLACE CALLS TO THE FOLLOWING ROUTINES.
1.	 SETUP
2. NODELM
3, GEOMFL
4. DPDXTB
5.	 GETPPR
6.	 SOURCE
B.	 DERVBL
LINK2
PLACE CALLS TO THE FOLLOWING RnUTINFS.
1.	 DFCFNS
2.	 DFCFRL
3. WLFLXS
4.	 CONIES
5. REOUTP
6.	 FEOUTP
IF	 RESTART	 CODE	 'NRTAPE 4	 IS GREATER	 THAN 4, WRITE RESTART
CONDITIONS ON TAPE 'NRTAPFE.
10.	 DRHO BL
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12. H2MIX
LINK3
PLACE CALLS TO THE FOLLOWING ROUTINES.
_	 1. NBNDRY
2. RITE	 - PRINT OUTPUT HEADING
4. D IMEN
LINK4
PLACE CALLS TO THE FOLLOWING ROUTINES.
2. QKNUIN
6. INITNS
T. INITBL
LINKS
PLACE CALLS TO THE FOLLOWING ROUTINES.
2. CALL ROUTINES FROM [CALLS LIST IN LINK . FROM ICAtL LIST.
3. CPINIT
5. SCHPRN
6. SETDI F
ABSAVE ( CERVBL )
COMPUTE THE SUM OF ABSOLUTF VALUES OF A SEQUENCE OF NUMBERS.
ADODEL (ELEM, GETBNO, SETUP)
ADD OR DELETE ENTRIES IN AN INTEGER ARRAY DEPENDING ON THE
VALUE OF ' KODE' .
KOOE = 1, DELETE
KODE = 2: ADD	 K
AV RG
COMPUTE THE ARITHMETIC AVERAGE OF 'NUMB $ ENTRIES IN AN ARRAY.
BNDSET ( GETBND)
DETERMINE NODES TO BE INSERTED INTO BOUNDARY ARRAY.
COLS (OS ORT 1 )
COMPUTE THE NUMBER OF COLUMNS, 'LCOL', IN THE OUTPUT DISPLAY
AND SET UP THE FOLLOWING ARRAY,
INCOL - NO. OF NODES IN COLUMN J.
COMOC (€ UINPT)
THIS ROUTINE PRINTS TWO TITLE PAGES ALONG WITH THE DATE.
CONTES (LINK2(4))
RUNNING SMOOTH CONTINUITY EQUATION SOLVER TO COMPUTE V AND W
UP A COLUMN OF NODES AFTER VSTART HAS BEEN RFACHED. IF NCOORD
EQUALS 1, INPUT NODES (READ IN AS CNTPTS AND CNTNDS ) ARE USED
Mr,TPAn_
DELETE NODES THAT ARE NOT CONNECTED TO ANY ELEMENTS.
DELNOD ( ADODEL )
SET UP CALL TO DELFLM AND SUPPRESS ZFRO ENTRIES IN ARRAY.
DERSET (DERVBLI
COMPUTE Q*RHO FOP, Q = Ur V, f]R W.
DERVBL (LINKL(B)I
FORM THE DERIVATIVE OF THE ORDINARY DIFFERENTIAL EQUATION FIRST
ON U--VELOCITY (GLOBAL CONTINUITY) AND THEN ON OTHER DEPENDENT
VARIABLES INCLUDING SPECIES CONTINUITY, ENERGY, LONGTITUDINAL
AND LATERAL MOMENTUM: IF REQUIRED.
DESCRP(N) (BOINPT)
may '	 N = 0,I READ TITLE FOR OUTPUT.
N = 2
	
READ HEADINGS FOR OUTPUT VARIABLES.
N = 3	 READ AND WRITE SELFCTED VARIABLES FROM [ARRAY OR RARRAY
FOR PROBLEM DESCRIPTION.
IF ENTRY IS NEGATIVE - SELECT (ARRAY ENTRY
IF ENTRY IS POSITIVE - SELECT RARRAY ENTRY.
DFCFBL (L INK 2(2) )
COMPUTE MIXING LFNGTH DIFFUSION COEFFICIENTS FOR DEPENDENT VARIABLES.
IF NE1E2 = 1 TOE TURBULENT CURVE F1 IS USED.
IF NELE2 = 2 THE TURBULENT CURVE E1 IS USED UNTIL ROW IMAX
IS REACHED AND THEN THE LAMINAR FLnw CURVE E2 IS USED.
DFCFNS (LINK2( 1)1
SET THE TEMPERATURE AND DENSITY IF NOT INITIALIZED.
CALL DFCOFO TO COMPUTE VISCOSITY (AMU VECTOR),
DFCOFO (CFCFNSI
ESTABLISH THE NODAL VALUES OF VISCOSITY USING SUTHERLAND v S
EQUATION FOR AIR.
DIMEN (LINK3(4)1
COMPUTE 'ALC' IF NOT INITIALIZFU IN 'NAME021.
PUNCH COORDINATE CARDS, IF DESIRED (;PUNCH = 7).
COL	 -- XL COORDINATE CIF COLUMN J.
ROW	 -- X2 COORDINATE OF ROW I.
DPDXTB (LINK1(4))
COMPUTE DPDX FROM PRESSURE TABLF, DPDX IS CONSTANT OVER INTERVALS.
DRHCBL (LINK2(10))
CALLED IF IGAS = 0 IN NAMF01.
COMPUTES THE TEMPERATURE AND 1]FNSITY USING A SIMPLIFIED
ENERGY EQUATION.
ORFOGS (LINK2(11))
CALLED IF IGAS = I IN NAMFCI.
COMPUTES THE THMMERATURE, DENSITY AND SPECIFIC HEAT ON A NODAL
BASIS AS A FUNCTION OF ENTHALPY, VELOCITY ANr SPECIES
COMPOSITION.
IF NGETH = 1 IN NAME01, THE FIRST PASS THROUGH THIS Rf1UTINE
WILL RETURN ENTHALPY WHEN GIVEN THE TOTAL TEMPERATURE AT
AT THE NODES.
OSCRTZ (SETUPI
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SET UP REGION	 DISCRE.TIZATION.
GENERATE ARRAYS USED FOR FINDING OUTPUT LOCATIONS.
ELEM	 (DSGRTZ)
IF NELEM = 0 IN NAME01v GENERATES ELEMENTS AS A FUNCTICN OF
NODE COORDINATE INPUT. 	 USED PRIMARILY FOR RECTANGULAR DOMAIN.
ENERSC
	 (SOURCE)
COMPUTE SOURCE TERMS FOR ENERGY EQUATION.
ERRSEf	 (MAIN)
IBM 360 ERROR HANOLIN G ROUTINE TO SUPPRESS OVERFLOWS ETC.
FEDIMN ( BDINPT)
SET UP DIMENSIONS OF VARIABLE LENGTH ARRAYS USED IN THE
SYSTEM.	 FINDS LOCATIONS OF OUTPUT ARRAYS FOR OFEOUTP°.
PRINT LOCATION OF ENTRY POINTS IN
	 °IZ°	 ARRAY IF KDUMP = I.
FENAME	 ( BDINPT )
THIS ROUTINE CONTAINS A LIST OF ALL FQUIVALFNCE VARIABLES ALONG
WITH AN ALPHABETICAL CROSS—REFERENCE,.
CALL NMELST TO READ IN NAME01 AND NAME02 NAMELISTS.
MOST DEFAULTED PARAMETERS ARE SET ALSO SET HERE.
FEPLOT (STOUTI)
AT PRESENT, ALLOWS FOR PUNCHING DATA AT PLOT STATIONS.
FINDBE	 (BDINPT)
DETERMINE A SERIES OF BOUNDARY ELEMENTS 45 A FUNCTION CF
OF	 INPUTTING BOUNDARY NODES IN COUNTER — CLOCKWISE ORDER.
ON FIRST PASS 9
 FIND BORDER ELEMENTS IF READ INTO IBCRD VECTOR.
FST AE	 (MAIN)
IBM 360 ROUTINE TO SUPPRESS FORTRAN ERRORS.
GAS
	 (GPAHFT)
DETERMINE COMPOSITION AT SPECIFIC TEMPERATURE TO CREATE
ENTHALPY RcQUIRED FOR CONVERGENCE.
GASBUG (GAS)
PRINT DEBUG INFORMATI_.N FOR GAS ROUTINE.
GENDA
ASSEMBLE AN ELEMENT VECTOR WHEN GIVEN THE GLOBAL VECTOR AND
A LIST OF NODES PERTAINING TO THE ELEMENT VECTOR.
GEOMFL (LINK1(3) )
SET UP THICKNESS ARRAY.
GENERATE THE TRANSFORMED LENGTH OF ELEMENT AND STORE IN X12 VECTOR.
GENERATE THE TRANSFORMED HEIGHT OF ELEMENT AND STORE IN X23 VECTOR.
GENERATE THE V PART OF THE B2001 MATRIX AND STORE IN GEOM1 MATRIX.
GENERATE THE W PART OF THE 82001 MATRIX AND STORE IN GEOM2 MATRIX.
GENERATE LENGTH * THICKNESS ARRAY.
GENERATE AREA * THICKNESS ARRAY.
GENERATE THE NON—STANDARD ELEMENT MATRICES B211 AND B2115.
IF KODG IS GREATER THAN De PRINT ELEMENT NO.v NODES CF ELEMENT?
COORDINATES OF NODES AND B211S ENTRIES FOR ELEMENT.. AFTER
THE ELEMENT LOOP 15 COMPLETED '
 PRINT THE VECTORS AND MATRICES
THAT WERE GENERATED IN THE ELEMENT LOOP.
GETADD (FEDIMN)
2-5
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350 ASSEMBLER ROUTINE TO GET MACHINE ADDRESS OF VARIABLE.
GETALC (DIMENI
COMPUTE 'ALC' AS THE. SHORTEST SIDE OF ALL THE ELEMENTS IF
T IS NOT READ IN.
GETBND (BDINPT)
BOUNDARY OR INTEGER GENERATION ROUTINE USING EITHER THE WCRUS 'AODI
OR 'DELETE* OR SIMPLE GEOMETRY OF THE PROBLEM WITH THE FOLLOWING
KEYWORDS AND CODES -
EACH CARD IS DIVIDED INTO FOUR IDENTICAL BLOCKS OF 20 COLUMNS EACH.
ALL BLOCKS ARE SCANNED FOR SIMILAR INFORMATION SG A DESCRIPTION
OF ONE BLOCK WILL BE GIVEN. THE BLOCKS START IN CCL. 19
COL. 21, COL. 41 AND COL. 61.
KEYWORD FORMAT BLOCK COLS, DESCRIPTION
(13LANK) AS
	 1 - 8	 IGNORE BLOCK
ADD	 AS	 1 - 8	 CALL ADDDLL TO INSERT ENTRIES.
IGNORE COL. 9 - 20.
DELETE	 A8	 1 - 8	 CALL ADODEL TO DELETE: ENTRIES.
IGNORE COL. 9 - 20.
FOR THE FOLLOWING, KEYWORDS, THE THREE CODES ( WE'LL CALL THEM
KODEI t KODE2 AND KODE3 FOR CONVENIENCE) WILL DETERMINF WHICH
NODES WILL BE SELECTED}
KODE1	 14	 9 - 12	 ROW o p cnLUMN DISPLACEMENT FRUM
EDGE 6EING DESCRIBED.
KODE2	 14	 13 - 16	 PCS. IN LINE TO START (DEF. = FIRST).
KODE3	 14	 17 - 20	 POS. IN LINE TO ENE	 (F)Er-. = LAST }.
KEYWORD FORMAT BLOCK COLS. DESCRIPTION
TOP	 AS	 1 - 8	 ACROSS TOP FROM LEFT TO RIGHT.
--TOP	 A8	 I - 8	 ACROSS TOP FROM RIGHT TO LEFT.
BOTTOM	 AS	 1 - 8
	
ACROSS BOTTOM FROM LEFT TO RIGHT.
-BOTTOM AB	 1 - 8	 ACROSS BOTTnm FROM RIGHT TO LEFT.
RIGHT	 AS
	 1 - 8	 UP RIGHT HAND SIDE.
--RIGHT	 AS	 1 - 8	 DOWN RIGHT HAND SINE,
LI=FT	 A8	 i -- 8	 UP LEFT HAND SIDE.
-LEFT	 AS	 1 - 8	 DOWN LFFT HAND SIDE.
GETPPR ( LINKL(5))
TABLE LOOK-UP OF PRESSURE AND DPDX AS FUNC-113N OF DUNNSTRCAM STATrON.
GMACD
GENERAL MATRIX ADDITION. C = A + B
GP AHFT (TH FRMO )
IF NGETH = 1. COMPUTE ENTHALPY IIISTRIBUTICN.
IF NGETH = 0, COMPUTE CPCINF AND RHOINF.
IF NGETH .LT. O: DETERMINE NODAL TEMPERATURE GIVEN PRFSSURF,
COMPOSITION AND ENTHALPY.
H2MIX ( LINK2(12}}
COMPUTE THE MIXING EFFICIENCY HkSDOT AND THE MASS FLPW HDOT.
ICOND ( BOINPT )
26
4
t
3+
^j
I i
4
='.f
PRINT INTEGER AND REAL INITIAL CONDITIONS.
IARRAY(1) — IARRAY(200)
RARRAY(1) — RARRAY(200)
INITNS (LINK4(6))
INITIALIZE DEPENDENT VARIABLES.
THIS ROUTINE GOES THROUGH AN ELEMENT LOOP IN CASE. THE VALUES
OF THE DEPENDENT VARIABLES DEPEND ON THE GEOMETRY OF THE PROBLEM.
LOC (MPRO)
COMPUTE VECTOR SUBSCRIPT FOR AN ELEMENT IN A MATRIX OF
SPECIFIED STORAGE MODE4
LOCATE
FINE THE LOCATION OF I M O IN THE ARRAY 'NA' AND STORE IT IN IN'.
LOOK (CPINIT f DRHONS)
LINEAR INTERPOLATION ROUTINE (USED ONLY FOR f CP f AT PRESENT).
LSFT (MISDIV)
GENERATE A LEAST SQUARES FIT THRU A SERIES OF POINTS.
MATSUM
COMPUTE A([) = B(I) + COFF * C11) ?
 I = I, N
MINMAX (DSCRTL f ORDER, SETSCL I
COMPUTE THE MINIMUM f MN° AND MAXIMUM 'MX f ENTRIES IN AN ARRAY
AT LOCATION f IMN° AND f IMX f IN THE ARRAY.
MISCIV (CONTES )
POLYMIAL FIT THRU NPT POINTS TO THE MTH ORDER.
NPT MUST BE AN ODD NUMBER.
MLTPLY (PRESUR)
INTERMEDIATE MULTIPLICATION FOR PRESUR RnUTINF..
MNMX (EL £M )
FROM A VECTOR d INA I
 CONTAINING 'NN' ENTRIES ► STORE THE FOLLCWIN(; -
LOW — POSITION IN INA OF MINIMUM.
LHI — POSITION IN INA OF MAXIMUM.
MN	 — MINIMUM VALUE IN INA.
1	
MPRO 
MX	 — MAXIMUM VALUE IN INA.
4	
MULTIPLY TWO MATRICES AND STORE IN RESULTANT MATRIX.
R = A
	
B
MTRA (GEOMFL )
FINE THE TRANSPOSE OF A GENERAL MATRIX.
NBNDRY (LINK3(1))
THE VALUE OF $ NBSFT' DETERMINES THE OPERATION OF HIS ROUTINE,
— 1 = SET UP INTEGRATION NODES AND STORE DEPENDENT VARIABLE
INTO fYYf ARRAY.
^I = SET UP AND PR INT INTEGRATION NODES AND STORE DEPENDENT
VARIABLE INTO °YY' ARRAY.
0 = SET UP INTEGRATION NODES AND RETRIEVE DEPENDENT VARIABLE
FROM "YV f ARRAY.
NDECRD (DSCRTLI
GENERATE NODE COORDINATES ► IF NNODE = 0 IN NAMEOL.
NMELST (FENAME, BDINP T )
27
1,.
READ NAMEL IST DATA INPUT.
NAMFOt = INTEGER INPUT.
NAME02 = REAL INPUT.
NCDELM (LINKL(2) )
SET UP THE ARRAY IELS TO BE USED IN ORHONS.
IELS = NO. OF ELEMENTS CONNECTED TO NODE N.
CRUER (COLS,  ROWS, XYSCAL )
ORDER 3 ARRAYS ACCORDING TO THEIR X1 AND X2 COORDINATES. THE
THIRD ARRAY WILL C0NT41N THEIR ARRAY L(ICATIONS,
OUTNOD
PRINT AN INTEGER ARRAY ALONG WITH A 32 CHARACTER TITLE.
OUTPG (GFOMFL)
PRINT THE ELEMENT NO. AND NCOE CONNECTIONS AND N U DE CCCRDINATES
FROM THE GEOMETRY ROUTINE ' GFCMHTs.
OUTV FC
PRINT A REAL ARRAY ALONG WITH A 32 CHAPACTFR TITLE.
PBLANK ( REOUTP)
INSERT BLANKS IN THE OUTPUT VECTnR 'P' (USED IN IREOUTP').
PL I LNK (REOUTP )
CONVERT A FLOATING POINT NUMBER INTO 'A' FORMAT.
POLY ( MISDIV)
FUNCTION TO GENERATE COEFFICIENTS C(l) IN Y = C, (T) * X*"m
QINIT (INITBL)
CALL QIN01 THRU QIN(NEQ) DEPENDING ON VALUE OF 'NP'.
QIN01 (QINITI
iNITIALIZF DEPENDENT VARIABLE 1 (U-VELOCITY).
THE VALUES ARE EITHER STORFO IN A DATA STATEMENT CR COMPUTED
ON THE GEOMETRY AND THEN ENTERREn INTO THE ELEMENT LCCATIONS.
GINO2 THRU QIN(NEQ) (QINIT)
SAME AS QIN01 BUT FOR I)FPENDENT VARIABLF NP.
OKNINT ( BDINPT)
PRINT DISCR ET IZATION OF RF.G InN ALONG WITH N(,Df: NUMBER LOCAT I CNN.
CALL 'QKNUIN' AND TRANSFFR C.^LL TO 'FFCUTP' AT PROPER TIMES.
QKNUIN ( LINK4(2))
INITIAL14ZE INTEGRATION CONSTANTS ON FIRST BASS.
COMPUTE STEP SIZE AND NEW VALUE OF DEPENDENT VARIABLES.
COMPUTE NEW DENSITIES, DIFFUSSION COFFFICIF14TS i VISCOSITY
AND OTHER PARAMETERS DEPENDENT ON THE NEW VALUES OF THE
OEPENnFNT VARIABLES.
FIND THE MAXIMUM VALUE OF THE DEPENDENT VARI ABLCS AND STOPS IN 714AX..
IF ZMAX IS LESS THAN ITEST THE TIME WILL RE SET TO T>= AND THE
PROBLEM WILL TERMINATE AFTER THE NEXT PPINTOUT.
Q3CONC (OFCFBL)
COMPUTE A ROUGH APPROXIMATION OF THE AREA O- H2
STORE IN AREA. COMPUTE THE MASS nbFECT X'-1SDF
WHERE XSUM = AMOUNT OF H2 PRFSFNT AND PnUALC
RGATE (COMOC ! RITE)
ASSEMBLER ROUTINE TO GET MACHINE DATE AND STOR
CONCENTRATION AND
ROUALC	 (AREA-XSUM)
RHOINF	 ALC	 UINF**2
F. IN 244 FORMAT.
28
. 77777777 ^7777777777^77^
RECIP ( CFCFNS, STOUT II
COMPUTE THE RECIPROCAL OF AN ARRAY AND STORE IT INTO ITSELF.
REDRFL (BDINPT, ADDOEL)
SCAN AN SO CHARACTER CARD IMAGE AND CONVERT THE INFORMATION THERON
INTO REAL OR INTEGER NUMBERS ACCORDING TO THE FORMAT PRESCRIBED.
REOROR (FINDBE)
REORDER THE NODES OF AN ELEMENT Sn THAT THE FIRST TWO WILL BE
BOUNDARY NODES AND THEIR ORDER WILL BE COUNTER—CLOCKWISE.
IN ORDER FUR THIS FEATURE TO OPERATE IT IS NECESSARY TO
INPUT THE ORDER OF BOUNDARY NUDES INTO THE IBORD VECTOR
IN A COUNTER— CLOCKWISE ORDER.
REOUTP (LINK2(5))
PRINT THE ARRAY GEOMETRY AND NODE NUMBERS IN A PATTERN THAT
RESEMBLES PROBLEM GEOMETRY.
(FEOUTP) (LINK2(6)) FEOUTP IS AN ENTRY POINT IN REOUT.P,
PRINT OUTPUT PARAMETERS IN A PATTERN THAT RESEMBLES PROBLEM GEOMETRY.
IF MAXIMUM SCALE FACTOR EXCEEDS Q NSM i (DEFAULT = 10), TLRMINATE
THE PROBLEM.
IF OUTPUT PRINT NO. 'KOUNT', EXCEEDS PRINT LIMIT °LPRINT' (DEFAULT =1041
TERMINATE THE PROBLEM.
RESET
RESET I NN' ENTRIES OF ARRAY 'A' TO THE VALUE 'V'.
RITE (LINK3(2))
COMPUTE ' NUMBER = (KEY-1)'1 10 t NMB
GO TO STATEMENT ACCORDING TO VALUE OF GNUMBER'.
IF 'NUMBER' IS OUT OF RANGE, WRITE TITLE INFORMATION.
SCALEV (FEOUTP)
CALL SCALE ROUTINE FOR 10 OUTPUT VARIABLES.
SCHPRN (L INK5(5) )
COMPUT E THE SCHM IDT AND PR ANOTL NUMBERS ON A NODE BASIS.
ROWS (DSCRTP)
COMPUTE THE NUMBER OF ROWS, *KROW', IN THE OUTPUT DISPLAY
AND SET UP THE FOLLOWING ARRAYS,
INROW = NO. OF NODES IN ROW I.
INDRW — COLUMN NUMBERS OF NODES IN ROW I.
INDEX — ROW NUMBERS OF NODES IN COLUMN J.
NOCOL — STARTING COLUMN NO. FOR ROW 1.
SETSCL ("SCALEV)
SET SCALE FACTOR FOR AN ARRAY OF REAL NUMBERS, THUS NORMALIZING
SETUP (LINK I(1))
IF NELEM .GT. 0,
READ ELEMENT CONNECTIONS AND COUNT ELEMENTS ('NELEM').
IF NNODE .GT. 0,
READ MODE GEOMETRY AND COUNT NODES (°NNODE').
CALL 'DSCRTL' TO SET UP OUTPUT DISPLAY ARRAYS.
REAL] TITLE CARDS UNTIL THE WORD 'DONE' APPEARS IN CUL. 1-4,
THE DEFAi; LT NO. OF CARDS TO BE ENTERRED IS lo, IF MORE NFED Tn
BE READ THEN SET 'NTITL I IN NAME01 EQUAL TO OR GREATFR THAN THE
NUMBER OF CARDS TO BE READ.
S ET V AL
'J
isi
lr'.
s
29
COMPUTE A(I) = 13(i)	 C + D
SiMQ (GAS)
SIMULTANEOUS LINEAR EQUATION SOLVER USED IN GAS.
SCURCE (LINK1(6)1
COMPUTE SOURCE TERMS FOR RIGHT HAND SIf7E [1F DIFFERENTIAL FQUAT IONS.
STOREV (SOURCE)
STORE APPROPRIATE VARIABLES IN DUMMY ARRAY FOR SOURCE COMPUTATICN.
STOUT 1 (FEOUTP )
DIMENSI0NALIZE OUTPUT VARIABLES FOR DISPLAY PURPOSES.
CALL PLOT ROUTINE AT APPROPRIATE TIME. IF REQUESTED.
SUTHLD (DIMEN, DFCOFO)
COMPUTE VISCOSITY USING SUTHFRLAND f S VISCOSITY LAW FOR AIR.
TAUW (WLFLXSI
FIND TAU ALONG THE WALL FOR SKIN FRICTICN COMPUTATIONS.
TENDA
ASSEMBLE GLOBAL VECTOR WHEN GIVE THE ELEMENT VECTOR ANr
A LIST OF NODES PERTAINING TO THE ELEMENT VECTOR.
THERMO (ORHOGS)
INITIATE CALL TO GPAHFT.
VARMAX (FEPL.OT )
IF 'NK I .GT. 0, FINIS MAXIMUM ENTRY IN ARRAY.
IF 'NK 4 .LT. 0 t FIND MINIMUM ENTRY IN ARRAY.
VECMAT (PRESUR)
MULTIPLY A SYMMETRIC MATRIX OF VECTORS BY A VECTOR OF LENC;TH NN.
VECTA
BOOLEAN ASSEMBLY OF AN ELEMENT VECTOR INT7 A GLOBAL VFCTUP
USING INTEGRATION NODE SEQUENCE.
WLFLXS (LINK2(3))
COMPUTE THE SKIN FRICTION DISTRIBUTION AND HEAT TRANSFEN VISTRI13UTION
ALONG THE WALL.
XYSCAL (CSCRTZ )
COMPRESS AN ARRAY OF NUMBERS 4 XL' BY SCALE FACTOR ISCFT'.
FIND I XYD= MAX(Xi) —MIN(XI) * SCFTI
IF TWO ADJACENT PRINTS IF ARRAY 'XL'
	
nI IIAI s *XYU' OF FACH
OTHER, SET THE UPPER VALUF EQUAL TO THE LU,-vFR VALUE.
30
I	
-
i	 1
MAIN-1
31 17
1.	 ;:::I
BDI14PT-1
BDTNPT--2
33
J =	-
mis
BDINPT-.3
BDINPT-4
c
E; 
	 READ ADDITIONAL ENTRIES
GER	 INTO BORDER	 X00
IPLACE AND LOC
^	 READ ADDITIONAL
REAL	 ENTRIES INTO	 X00
", >	 VALUE AND NPLACE
Vl:N
IBORD
400
BDINPT-5
D
BDINPT-&
E
470
COMPUTER NON-D FACTOR
FOR VARIABLE TO
BE READ
RADREL
STORE DEPENDENT
VARIABLE INTO PRESENT
AND PAST LOCATIONS
OF SPECIFIED VARIABLE.
4 00
750
72a
REDEFINITION OF
VARIABLE. STORE
OLD VALUES SO THAT
ONLY OVERRIDDEN
VALUES WILL BE
ENTERED
47 0
FINDBE
BDINPT-7
6?
GETBND
PRINT
NON--INT
^ NODES
400
t 
READ
RESTART
TAPE
SET
RESTART
PARAMETERS
710
	
400
400
CALLED BY:
	 a
MAIN
38
-	
wa^ -77
77A_.	
_	
..	
..
J	 { I
	 -
BY:
T.TNXI -1
QKN INT
QKNUIN 39
LINK2-1
L
LINK2--2
CALLED BY:
BDINPT
GPAHFT
LINK5
QKNINT
41 r'
KK:2"^-=r
RITE \
(TITLE)
/
J
RETURN
LINKS-1
42
CALLED BY:
MANY
ROUTINES
LTNK4-1
r'
LZNK4
l> .Y
^ KK:1 RETURN'
1
E
4N^
KK:2 QKNUTN
	
RETURN
,41
3 ,Ki 5 RE'T'URN 1 '	 K
K:6 RETURN
d
_ a
K:7 -	 HMIN	 r	 H=STHMTN
TNTTBL	 H=SSTNZT
i
H=HMTN
	
RETURN
—
CiED
t
CALLED BY:
BDTNPT
LTNK5
QKNTNT
43
LINKS . 1
LINKS f
A
a
KK:1
	 H2MIN	 RETURN
KK:2
	
-'	
DETERMINE	 NCL:	
-	 LINK1NCL,TCLS	 ILNK1
,p
KK:3 	 CPINIT
f
NCL:RETURN	 ILNK2	 LINK2
k
it tit
NCL:
ILNK3	 LINKS
NCL:
<.	 ILNK^1	
LINKS
NCL-*	
LINKS<.	 ILNK5
F
A.	 KK=NCLS	 NC^S	 RETURN
E
i.
CALLED BY:
44	 BDINPT
DIMEN
QKNU IN ^;	 _
ABSAVE-1
e
•.r
KTYP = If
 
1
KTYP= ( 2
ADDDEL--1
ADDDEL
SET
INTEGERS
500
REDREL
AVRG-1
AVRG
COMPUTE
ARITHMETIC
AVERAGE
OF ENTRIES
IN AN ARRAY
RETURN
CALLED BY:
GE014FL
47
BNDSET-1
BNDSET
PICK OUT
NODE NUMBERS
ACCORDING TO
BOUNDARY
LOCATIONS
RETURN
CALLED BY:
DSCRTZ
49
COLS-1
(	 COLS
STORE NODE
NOS IN 'INDEX'
VECTOR BY THEIR
LOCATION
IN COLUMNS
STORE COL.
COORD IN 'COL'
VECTOR
STORE NO. OF
COLS. IN
'LCOL'
RETURN
COMOC-1
COMOC
RDATE
J
PRINT 2
COVER
PAGES
RETURN
CALLED BY:
BDINPT
50
CONTES — I
CONTES
t
NT	 0	 70
GENERATE THE FOLLOWING VECTORS:
YNOD — NORMAL DISP. FROM WALL
VSIN — SINE OF ANGLE OF COL.
WOOS — COSINE OF ANGLE OF COL.
PRINT
IWRIT
	 VSIN
:0
	
	 AND
wcos
70
TF:	 <
VSTART r
	
RETURN
STORE RHO:cU
r	 ^
A
COMPUTE UPRIME ON i
A NODAL BASIS
	 I
STORE RHO :c U AND RHO:tW
INTO TEMP. VECTORS
EXECUTE A COLUMN BY COLUMN
ITERATION TO COMPUTE NEW
RHO^V AND RHO^W USING
MISDIV TO GENERATE CO-
ES=FICIENTS.
Ir1RIT
:0 >
PRINT
R HO ­
 V
RfiO,'W
STORE NEW V AND W
BACK INTO DEP. VAR, ARRAY
RETURN
1
52
r
CALLED BY:
LINK2
^_t
CPI§I2-1	 \
^.
^
\l
\\.
£\]
w\ ^ CPIRIT
\\
' ƒ\Z
j\\
ƒ\^
\ LOOK 2«±§:
. 96
^ \\<
ITERATE TO (	 \
, FIND STATIC
REF. TEMP. j
. TSINF !
\\^
>d
\
,
\^ \
^
w<]
\\]
)\)
. RESET \2j
\\]
\t ]
? SETVAL 4
\ \ }^ ]
/. }\\
,«
\ RETURN
^
^ =
\:}
CALLED BY:	 \\
\ \ DIMEN	 {\\
\ 53
.w=w..^:^^. ....	 .^v.^.w.	 ^ .<\»<:m»?2««»^^.^v^ v «,«: .	 .	 .	 .. » v=«« v«:s s..\ y2^ ^	 ^^`
DELADD-1
i,	 ?
'l
S ,
s
k
CDELADD
ADD ENTRIES
TO INTEGER
ARRAY
RETURN
CALLED BY:
ADDDEL
54
DELELM--1
DELELM
DELETE ENTRIES
IN INTEGER
ARRAY
RETURN
S
CALLED BY:
DELNQD
65
Nt	 DELETE--1
DELETE
RESET
STORE NO. OF
NODES ATTACHED
TO ELEMENTS
850
SCAN
TTACHMENTS
ALL
	
YES
NODES RETURN
CANNED
NO
NODE	 YES
ATTACHED	 `"'
...........850
NO
PRINT 'NODE
TT - t-.ms?r-.
DELNOD-1
DELNOD
DELEM
RESEQUENCE
VECTOR
ELIMINATING
DELETED ENTRIES
RETURN
i.
CALLED BY:
ADDDEL
57
RETURN
58
All
CALLED BY:
DERVBL
DERSET-1
DETERMINE
c
RETURN
I%
,.a
DERVBL -- 1
DERVBL
RESET COMPU-
TATIONAL VECTORS
_	 STORE SOURCE TERMS``
NSORCE	 INTO RIGHT HAND SIDE
VECTOR
f' E.
c
COMPUTE AND STORE
RHO" U, RHO _^V	 a
AND RHQ«W
IN AN ELEMENT LOOP, COMPUTE
THE CONDUCTION AND CONVEC-
TION TERMS AND ASSEMBLE INTO	 a
RIGHT HAND SIDE VECTOR 'V'. i
COMPUTE CONDENSED LEFT HAND
SIDE AND STORE IN 'C'.
f
f'
i
COMPUTE DERIVATIVE
FOR DEP. VAR. AS
'V'/'C' AND STORE
IN 'ZZ' VECTOR	 I
RETURN
CALLED BY:
QKNINT,QKNUIN
59
DESCRP--1
I
i
nDFCFBL - 1
DFCFBL
THIS IS A DUMMY SUB-
ROUTINE TO SET THE
TURBULENT VISCOSITIES
TO O.
IF NON-ZERO TURB.
VISCOSITIES ARE DE-
SIRED, USER MUST CODE
ROUTINE.
RETURN
CALLED BY:
LINK2
61
I
i
i
r	 a
3
W"
^E.
DFUNS-1
CALLED BY:
LTNK2
fit
a:
{
DFCOFO-1
z - NgWIG
DIMEN — 2
A
ALC	 SET ALC
:Q
ON—DIMENSIONALIZE
XICOR, X2COR
CONVERT COL, ROW
TO OUTPUT UNITS
UINF	 UINF =
;0	 AINF:c XMACHS
>	 T-
COMPUTE SCALE
FACTORS AND
NON—DIMENSIONALIZE
INTEGRATION
PARAMETERS
RETURN
DPDXTB-1
DPDXTB
CALCULATE. PRESSURE
GRADIENT TO BE
CONSTANT BETWEEN
X3 STATIONS.
RrTURN ^1
CALLED BY:
LINK1
DRHOBL--1
DRHOBL
LINK3
(1,U,YY)
LINK3
(1, H2.,
COMPUTE TEMP.
AND DENSITY
AS FUNCTION
OF U--VELOCITY
AND H2 MASS
FRACTION
RETURN
CALLED BY:
LINK2
67
i
a
DRHOGS - I
DRHOGS
STORE MASS FRACTIONS
IN TEMP. ARRAYS
STORE VELOCITY
AND ENTHALPY IN
TEMP. ARRAYS
CALL THERMO ON A
NODE BASIS TO
COMPUTE TEMP., DENSITY
AND SPECIFIC HEAT
INITIALL'Y RUN 3 PASSES
PASS 1 - GET TOTAL ENTHALPY DIST.
SET HINF
PASS 2 - GET STATIC TEMP. DIST.
SET TOFINF, CPOINF,
PRSCON
PASS 3 - GET DENSITY, SPECIFIC
HEAT
RETURN
DSCRTZ - I
DSCRTZ
tSET UP NODE COORDINATES
NNODE
	
AS FUNCTION OF INPUT:0
40
SCALE COORDS.	 ^, I
BY XSCALE, YSCALE
APPLY COMPRESSION
FACTORS FOR OUTPUT
NELEM f	 ELEM
:0
SET UP NODE NO.
INDEX ARRAYS
DELETE
RETURN
3
3
ia"Y!
3
a
r.
ELEM
e,
'	 SET UP
.`	 INITIALIZATICN
a
SCAN PAIRS OF ROWS STARTING
_. WITH TOP ROWS AND WORK DOWN.	 ?.1,
i
WHEN A RECTANGULAR MATCH IS
FOUND,	 FORM TWO TRIANC`ES WITH
DIAGONAL FROM LOWER LEFT TO
'	 UPPER RIGHT.	 IF A TRIANGULAR	
1	 i
MATCH	 IS FOUND,	 USE	 IT.
RETURN
CALLED BY:
DSCRTZ
ENERSC - I
ENERSC
VECMAT
IN A DEP. VAR. LOOP
COMPUTE SOURCE TERM
FOR ENTHALPY IN
AN ELEMENT.
RETURN
I .
i
CALLED BY:
SOURCE
_ (1
]^
E
}

NMELST
IRUN=IRUN+l
RETURN
FEPLOT -- 1I
WRITE STATION
3	 AND VAR.
DATA ON
KOUT
{
RETURN
i
-^ A
G
143:0
Y>
REORDER
l	 FINDBE-1
FINDBE
60
CONVERT NODE
VECTOR ALONG
BOUNDARY INTO
CORRESPONDING
ELEMENT VECTOR
RETURN
CALLED BY:
BDINPT
75
GAS
GASBUG-1
GASBGu
PRINTS DEBUG
INFORMATION
ABOUT GAS
RETURN
OENDA-1	 \
j^
d^
rdg
(/\
\\}
22	 ]
O£NDA
^^
^^
\\]
G.]
\\)
\b ]
.	 ASSEMBLE ^]
ELEMENT ]
VECTOR
T T3£'
\-]
c..
^ \l
\t \
^ }
RETURN
^^ \
: \
{\ ^
\\ G£OMFL
R	 .^
} '! ..
G» ,
DO 200
ME£=1,NE§3
\^
\\\z
i
\
.	 COMPUTE
TK
6c
(\^
/
\
X12	 IlP2*TK
\23	 £/3£®TI
GEOM1
	 B211s
GEOM2	 B211
.
j
\ \^
\ 2EINT	 \ /\
£ODG AL AK	 «]
B211s	 \\j-.0
B211X24
\ \]^^
200
E ? §^ !
PRINT
Zl£2*TK
GEOM2	 }\]
«12	 .\gg@
:O	 OEOM1
AREA#TK	 «23
\]
\)
\ •
RET*'Jn-Rlq
^;	 !
\\^
\ ]
\ \	 j
\ \^
CALLED BY:
	 . ]
( LINKI
\ ^!
{\ 79{ »\
/
.
:».	
^^ « » « m^	 . 
^^and\} .	 -\\\«\ ^	 : ...	 ^ v<^ ^y«5222«<<^ «A»:^i^ 2w<d:»«;.^ .:	 .a v.	 ^.^^ ^ <?^ <«^ 2' `
GETALC--1
GETALC
FIND SHORTEST
ELEMENT
SIDE AND
STORE IN 'ALCT
RETURN

X50
READ
UNDAR
INFO.
BNDSET
CALLED BY:
BDINPT
82
GMADD--1
i
I 3 a" {
GMADD
ADD TWO MATRICES
ELEMENT
BY
ELEMENT
RETURN
CALLED BY:
DERVBL
83
..• r
GPAHPT-1
G PAIIFT
COMPUTE AND STORE'
MASS FRACTIONS
A14D
MOLE FRACTIONS
NGETH i °
	 GAS `
_^
STORE INITIAL
DISTRIBUTI011 OF
ENTHALPY, DEItiSITY
AND SPECIFIC HEAT
IBUGI
:0
GASBUG
GAS
1/,.r \ Y E S
TEMPERATUUI )	 99
RIGHT
140
ITERATE UP TO 100
TIMES TO FIND
CORRECT TE171P.
A 1
84
GAS
t	 _.,
i-4
LLED BY:
ERMO
G PAHFT-- 2
85
2MICH
L
NK3
(ii, U'YY)
LINK3
^U,H2,YY)^
86
COMPUTE
MIXING EFFICIENCY
AND H2 MASS FLOW
RETURN
ICOND-1
=lCOND
PRINT
INTEGER
INITIAL
CONDITIONS
PRINT
REAL
INITIAL
,CONDITIONS
RETURN
41
CALLED BY:
BDINPT
87
w
CALLED BY:
LINK4
88
36MS:1
COMPUTE
SUBSCRIPT
OF UPPER
TRIANGLE
SYMMETRIC
MATRIX
DIAGONAL
MATRIX
COMPUTE
SUBSCRIPT
(N ELEN.)
IR=O
36
LOCATE--1
I
LOCATE
FIND LOCATION
OF VALUE M IN
ARRAY NA AND
STORE LOCATION
IN N
( RETURN
90
14
RETURN
Lf -T)
POLYNOMIAL LEAST
SQUARES FIT TO
A CURVE
RETURN
CALLED BY:
MISDIV
92
i7ti

MINMAX-1
MISDIV
POLY FIT
THRU ?NPT'
TO MTH
ORDER
RETURN
MISDIV-1
96
MNMX
LOCATE MINIMUM
AND MAXIMUM
ENTRIES IN A
VECTOR AND
STORE IN MN
AND MX RESPEC , IVELY.
STORE THEIR
LOCATIONS IN
.y^	 LOW AND LHI.
RETURN
MPRD-1
MPRD
MULTIPLIES
TWO
MATRICES
RETURN
tA` CALLED BY..
:.,^.._ DERVBL
GEOMFL
H2MIX.
VECMAT 1
ENERSC
9.7.
w	 _

NBNDRY
SET UP 'NWNT
INTEGRATION
NODE ARRAY
NB SET
185	
.0
t
NBNDRY--1
}	 '	 d
s,
y
}
M
I
WRITE
INTEG
NODE
VECTOR
r^
STORE DEP.	 STORE YY
VARIABLE VECTOR	 VECTOR INTO
U INTO YY	 DEP. VARIABLE
VECTOR	 VECTOR U
RETURN
18
a;
^	 a
1
NDECRD--1
NDECRD
COMPUTE Xl AND X2
COORDINATES AS
A FUNCTION OF
INPUT WHEN
NNODE=O.
RETURN
NMELST
READS
NAMELI
CHECK
VARIABLES
Ik
RETURN
NODELM - 1
NODELM
DETERMINE THE NUMBER OF ELEMENTS
ATTACHED TO EACH NODE AND STORE
DATA IN IELS VECTOR.
DETERMINE THE ELEMENT NOS.
ATTACHED TO EACH NODE AND STORE
EACH SERIES SEQUENTIALLY IN
IELEM VECTOR.
(NOT USED AT PRESENT)
RETURN
CALLED .BY'
LINK1
102
ORDER--1 f	 $j
3
1
i
1
( ORDER
ORDER COORDINATES
AND INDEX VECTORS
BY: X1COR OR X2COR
KODE=l X1COR
KODE=2 X2COR
RETURN
CALLED BY:
COLS
ROWS
XYSCAL
103
_-'_
104
OUTNOD-1.
C±NE)
DISPLAY
VECTOR OF,'
INTEGERS/
RETURN
OUTPG-Z
OUTPG
WRITE NODES
AND COORD.
OF ELEMENT/
RETURN
OUTVEC
DISPLAY
VECTOR O
1 HEALS
CRET
;l
r
.i
a-i A
i
t^
{
ti
1
OUTVEC --1
PBLANK--1
PBLANK
RESET LINE OF
OUTPUT ARRAY TO
BLANKS
RETURN
CALLED BY:
REOUTP
(FEOUTP)
107
1
_-
PLILNK-7.
PLILNK
CONVERT FLOATING
POINT NO. TO 'A'
FORMAT FOR OUTPUT
f RETURN+
.
CALLED BY:
REOUTP
108
	 (FEOUTP)
POLY-1
POLY
COMPUTE
POLYNOMIAL
COEFFICIENTS
RETURN
Q3COTJC• -1
Q3CONC
COMPUTE  THE MASS
DEFECT OF H2
FOR LAMINAR
FLOW
RETURN
i
.	 1` 1.
QINIT-1
NP=
NP=
NP=
NP=
NP=
NP=
QIN(NP)-1
QIN(NP)
INITIALIZE
DEPENDENT
VARIABLE 'NP'
RETURN
QKNINT-1
113
QKNINT-2
QKNUZN-1
QKNUZN
INITIALIZE
INIT:O	 INTEGRATION
COEFFICIENTS
4 o k---
COMPUTE PREDICTOR
VALUES OF DEP.
VARIABLES
COMPUTE CORRECTOR
VALUES OF DEP.
VARIABLES
PASS
EPSILON
	 No
TEST
s
Yes
INCREASE
STEP SIZE'
.1
DRHOBL
OR DRHOGS
DFCFNS
CONIES
H2MIX
DERVBL
LEADER
READER-1
1I
REDREL
1.
ANY	
T	 ijos. III
NUMBERS YES 	 RETURN VECTOR,'READ
NO
(--- 1 7RETURT
CALLED BY:DSCRTZ
RECIP-1
RECIP
STORE RECIPROCAL OF
VECTOR INTO ITSELF
RETURN
REPD $0
',,CHARACTE
CARD
-IMAGE
CONVERT DATA
ON CARD INTO
REAL OR
INTEGER
NUMBERS.
RETURN
,sY
^G)
REORDR-1
REORDR
' REORDER THE NODES
OF AN ELEMENT SO
THAT THE FIRST TWO
ARE BOUNDARY NODES
AND THE ORDER IS
COUNTERCLOCKWISE
RETURN
119 CALLED BY:FINDBE
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REOUTP—I.
ENTRY POINT
FEOUTPEL
INITIALIZE CONSTANTS.
INITIALIZE FORMATS.
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N S S ]
FEOUTP
/7 N S S
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LINK3(2)	 PRINT
	
RITE(0,0)
	
OUTPUT
HEADING
NOUTPR	 28
:0
GENERATE AND
PRINT SCALAR
HEADING
INITIALIZE
LINE COUNT
LIMITS
F	 s.
jz
#y
4 ^,
A
DO 800	 GENERATE OUTPUT
MTM=l,NMBTIM	 FOR 10 VARIABLESAT A TIME
GENERATE4 CSTOUT1	 OUTPUTVARIABLES
SCALEV
NORMALIZE OUTPUT
AND SET SCALE FACTORS
00
PRINT NODE	 _PRINT VARIABLES ^
ISCRETIZATION	
LSET	 IN PATTERN
-I	 SIMILAR TO
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00
CHECK CODES
RETURN
wRESET-1'
^
!1
:a
r
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RESET
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^ a
SETt
A(I) = V
FOR 5=1, N
f
RETURN
CALLED BY:
—	
— MANY
ROUTINES
^ 122 —
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RITE-1.
i
RITE
NUMBER
l(KEY-1)*10+NMB
GO TO (101.,1.02,
...), NUMBER
/NUMBER No
IN RANGE
Yes
WRITE
APPROPRIATE
FORMAT
RDATE
WRITE
DATE,
TITLE
RETURN
Rows-1
SCALEVW1

SETDIF
DFCFBL TURBULENT
VISCOSITY
}
MOMENTUM
DIF. COEF.MATSUM
00
e	 >
NTH
:0
COMPUTE
ENERGY
DIF. COEF.
SETDIF-1
LAMINAR
DFCFNS
	
VISCOSITY
SETSCL-1
SETSCL
MINMAX
... I DY-TERMTNE LARGEST
! SETUP- 1 
^u
j
' SETUP
• NELE	 —
3
,O 130
1
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READ ELEMENTSI.FORCE 3 NODES/CARD
j' 'O IN 315 ^,I
FORMAT q
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NNODE. 250
f
:O
> 1
READ
E
NCI, t
PT
i
PT PRINT 8^:
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ffi
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TITLE
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1
ITLEC
.DONE 30
i
RETURN
"	
,
1
i
}
'CALLED	 BY:'.
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SIMQ
I
OBTAIN SOLUTION
OF A SET OF
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LINEAR
EQUATIONS
RETURN
aSOURCE-»1
SOURCE
DO 900
NS=I,NEAKNN
COMPUTE SOURCE TERMS
FOR DEPENDENT
STOREY - 1
STOREV
STORE A STRING OF SEQUENTIAL
DEP. VAR. WHICH ARE STORED IN
INTEGRATION ORDER INTO TEMPORARY
STORAGE BY NODE NUMBER.
RETURN
STOUTI - I
.f
i STOUTI
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A
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FEND THE POSITION OF NX
IN THE IPINT VECTOR.
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IS NOT AN ENTRY, THEN
NP=O.
NP:O L0
LSV=MODCLOGG., 1.000)
LND+(NP--1):CNODE
STQUTI - 3
iSTOUTI — 4
j
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TO SEE IF THIS IS
J .. A VARIABLE TO BE ^?
! PLOTTED.
p
i
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f
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a
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140
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400
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RETURN
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f
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3
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,'.
USINGSUTHERLAND'SEQUATIO N
I:
CRETURN_
;'	 3
j..
CALLED BY:DFCOFODIMEN
:: t
TAUW-1
TAUW
CALCULATE
SKIN FRICTION
FOR ZERO PRESSURE
GRADIENT AND ZERO
SURFACE MASS ADD.
TENDA-1
VARMAX,1
°i
t.
VARMAX
1
FIND MINIMUM
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ENTRY IN AN
ARRAY
1
RET[^RN
1
3
{
-
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^r 
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a
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k
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ii
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i
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i
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3
a
3
GALLED BY::.
I
DERVBL
SOURCE
T45
3
T.
i
iTHERMO- 1	 #
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DIMENSIONALIZE
PRESSURE
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>
r
PRINT
NGBUG DEBUG 
INFO
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:2 600
J
NBUG NBYP = 1
GPAHFT
r
i PRINT
NGBUG DEBUG
:.1 INFO.	 i7
a
i
THERMO--2
A
3
NBYP NBYP = 2
NRYq P
A 600
NBUG SET DEBUG FLAGS
.1
Jg
NBYP
:Q	 100
500 r
.`::
^
f
3
NBUG
1 RESET DEBUG FLAGS L
NON--DIMENS I`ONAL I ZE
VARIA.BLES
> P R I NIT	 .S`	 v NGB.UG .	 r DEBUG.',
INFO
RETURN
CALLED. BY:.
DRHOGS
147}
i
WLFLXS--1
WLFLxS
LING
(1,U,YY)
COMPUTE SKIN FRICTION
AND STANTON NUMBER
j ALONG SURFACE FOLLOWING
PATANKER AND SPALDING.
0 R ETU RIN
XYSCAL - I
XYSCAL
COMPRESS A VECTOR OF 14UMBERS
'X1' BY SCALE FACTOR 'SCFT'.
FIND XYD=(MAX(X1)-MINCXI)):'
SCFT. IF TWO ADJACENT
ENTRIES ARE WITHIN XYD OF
EACH OTHER, SET THE HIGHER
VALUE EQUAL TO THE LOWER
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RETURN
OPERATING INSTRUCTIONS
The 3DBR Variant of COMOC constitutes approximately 10,000
cards. Considerable effort has been placed on minimizing input/
output complexity and on providing the user with considerable
latitude in data deck preparation. This section describes deck
set-up, input procedures, output files and procedures, internal
diagnostics that can be used to debug operating phases, and a
description of the data decks for the test cases.
Deck Set-Up
Shown in Fig. 2 is an illustration of the deck set-up for
3DBR COMOC. Any user-written subroutines should be compiled
first. The various machine requirements for the program are
listed below.
Tape: RESTART defines an input and/or output tape
which will be used for a restart condition or
to store data for a future restart. The inte-
ger ending in column 25 defines a restart tape
and the integer ending in column 30 defines
the output printnumber that will be used for
restarting. The integer ending in column 35
defines a tape that will be used to store out-
puts for future restarts. This number may be
the same. as in column 25.
Print:	 Printed output is sent to unit H.
Punch:
	
	
If NPUNCH = 7, in NAMEOI, node coordinates and
element connections are ounched on unit 7.
If KOUT.gt .Oand KPLVAR .gt. 0 in NAMEO1, then
data generated for the variables defined by the
PLOTS card will be output from the FEPLOT
routine.
Reader: Card reading is executed from unit 5.
Disc: No internal requirements by program
Input
Unless a restart condition exists, all data are read on
unit 5. All data which are strictly scalar information are read
in free format style.. Delimeters on these input cards can be
either blanks, commas or` column 80. Many features enable input
data to be read in a simplified fashion
15.0
r
I
a;---j
Fig.  2 IBM/360 DECK SETUP FOR PROGRAM
151
L
. 	 w
e.g. 5vmbols _ _ Interpretation-----,---
5*I3 12,	 12, 15, 18, 21, 24
3*1-.5 3.1E3,	 3100.0, 3099.5, 3099.0
6*23.2,	 23.2, 23.2, 23.2, 23.2, 23.2, 23.2
A T at the end of input or a blank card will terminate
the read cycle for a particular input parameter.
e.g.
ICALLS	 -1
2 2 4 5 1 4	 2 5	 T
stores the numbers 2 2 4 5 1 4 2 5 in the CALLS vector.
VTEMP
42*533.0
blan.k card
stores 42 temperatures of 533.0 in the TEMP vector.
Output
Out p ut for 3DRR COMOC is standardized to the format of the
test cases.
	
A highly adaptive out p ut subroutine automatically
scales data and allows for widely variable field size displays.
Output formats are generated in the in p ut deck by specification
of which de p endent variables, parameters, and scalars are to he
p rinted during the output phase. Addition of an output array
to the standard output is presented after the discussion of the
data deck for the test case.
Restrictions and Limitations
Size of problem to be solved de p ends on the amount of storage
available in core. The program contains a variable dimensioning
scheme so that the total size can be s p ecified by adjusting the
dimension of the IZ array in MAIN.
Editing and Diagnostics
There are several flags that can be user set to provide
detailed intermediate output for debug ourposes, including KDUMP,
NGBUG, IBUGI, IBUG2, IWRIT, IDIFRT, KODG and KOD5. 	 In the
following, each of these is d:ise.usse.d with respect to sample.
representative output from COMOC.
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zp
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z^Tl:l ."t. o inus innnt and nut`ot ou`tinnn 1!coTqmnwPT.
-at,-u 6rints-Aue=ution ' loop- 4atar
All unrno -Flags are uucre"r"tna or 1 with nacu-pumn thru 13,1110nn1 
=rL-it s!:opomoan flags reduce to -oz Amwzr^_'
^
' .	 at . ~^l--- --_-----'	 --T- conditinns will be
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rnt,l and cze^uo a npn* coordinate printoot followed 	 aopono=^^^pmo »^ 
vxr, ^uzo printout.
	
'_.-_ ------ _--_--___--_'___-__
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MASS rractl-ins.
O..J	 ._.	 ]	 133F -Au	 C.u-..	 - 3;70r'OC	 360	 _.._ D.0 	..	 __.-0.0	 ._-....0.0- "^_.	 0.0	 -._. 1st and last na^,ses are
---••----------------^-- - printed whon 01111 .gt. 0:f:
-mDLF. FRAClIOVS-
----==^---=-^-= ..
	
-
- __.
_-
H ?C	 t+t %2	 AR	 0	 H	 NO OH intatrlecliatr_ panses are shouni.
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Test Case
Two data decks, generating a nominal Mach 5 i;noenergetic
boundary layer flow and the three - dimensional virtual source
simulation [Ref. 1], cone as standard test cases for 3DBR COMOC.
The listings of these data decks are included in Appendices A
and B. Another problem specification can be readily adapted
from these decks, since approximately one-third of a data deck
is associated with standard call sequences and output format
specification and arrangement instructions. Instructions for
additions to these standard data outputs follows discussion of
the data decks. This discussion covers details pertinent to the
data deck for the Mach 5 test case. Comments and descriptions
should be interpreted with reference to Appendix A. Subsequently,
the alterations required to establish the non--uniformly dis-
cretized virtual source problem data deck from the Mach 5 test
case are presented and discussed.
Preparation of the data deck is subdivided into four phases.
Phase	 I. Reference Conditions and Control
Parameter Specification
Call Parameter Code Function
FEB^ Starts execution	 of COMOC
COMTITLE Reads one title card to appear on cover
page of output
FENAME Initialization
& NAMEOI Integer parameter input
NEQKNN Number of dependent variables	 to be in-
tegrated	 in XI	 direction
IGAS 0 Isoenergetic flow with constant cp
1 General	 flows
IFR 0 Equilibrium
	
composition	 (IGAS_I)
I Frozen composition
KDUMP 0 Suppress debug output
1 Print debug	 output
NPVSX No.	 of entries	 in	 pressure table
NSCX 0 Uniform X3	 interval	 in discretization
1 Non-uniform X3	 interval	 in discretization
NSCY 0 Uniform X2	 interval	 in discretization
I Non-uniform	 X2	 interval	 in discretization
&NAME02 Floating point parameti-a.^input
UINF Reference
	 (freestream) veioci-t-y_ (F/S)
TOFINF Reference stagnation temperature 	 (
REFL Reference length
	
(F)^
TO Initial
	
XI	 station	 (F)
165.
Call
	 Parameter Code	 Function
TD Length	 of X1
	 solution,	 starting
	 at To
(F)
DELP Percent	 of TD	 at which output	 is desired
EPS Integration control
	 parameter	 (.01	 to
.0001)
VSTART Percent of TD
	 at which	 transverse veloc-
ity	 02) comjavtation starts
XSCALE ; Multipliers	 to convert discretization
YSCALE to feet
CPA,CPH1 Specific
	 heats,	 stagnation	 temperatures,
TOA,TOH and molecular weights for two-comoo-
XMA,XMH nent,	 isoenergetic,	 frozen	 flow mixing
(IGAS=-O)
FEDIMN Generate vector
	 lengths	 and array entry
points.
Phase II.	 Finite Element Discretization
LINK1 1 This call generates the finite element discretiza-
tion of the X2X3 plane. The data are read in free
format fields. A "T" terminates any sequence.
A.	 Automatic	 Uniform Discretization
Occurs for NSCX	 =	 NSCY = 0 i
Set
	 XSCALE	 = desired	 element width	 in	 the	 X3	 direction
Set
	 YSCALE	 desired	 element	 height
	 in	 the	 X2 direction
Read	 selection
	 keys
e.g.	 YSCALE =	 0.004
XSCALE	 =	 0.002
1	 21,	 1	 2,
T
Generates discretization made
	 up of 21	 node rows
	 x 2
node	 columns,	 or	 40 elements(x	 1	 element).	 Elements
are
	 0.009	 F	 high
	 by	 0.002	 F	 wide.
B.	 Automatic Non-Uniform	 Discretization {:
Occurs for	 NSCX =	 1	 and	 NSCY =	 1
i
Set	 X3	 discretization	 first,	 X2	 discretization	 second.
Data. are	 used	 in	 sets
	 of	 3	 integers
	 at	 a	 time.	 First
integer	 identifies	 finite	 element	 interval
	 concerned,
next two	 indicate element width
	 (or	 height)	 as	 ratio
i.n	 feet.,	 e.g.s
	
3..12.00
	
F	 3/12.00fF).
e.g.	 1	 3	 1200,2	 .1	 600,3	 5	 1200,...
Tj 1	 1	 600,7	 1	 600,8	 7	 1200,...
T
1	 4,
Et
.	 f
166
t
iThis generates a finite element discretization of lI
node rows x 4 node columns. The element widths
(intervals between node columns) are respectively
3/1200 (F), 1/600 (F), ... . The height of the first
7 element rows is uniformly 1/600 (F), eighth is
7/1200 (F), etc.
Phase III. Output Specification
Following the discretization phase, the user can input up to 10
title cards to head each generated output sequence.
The next -65 input cards specify output format, see Appendix A,
and are typically not to be changed without reference to the
programmer's manual.
Up to 10 title cards can follow the standard output specification
to fully describe the problem being solved. This output
will occur once, directly after printing of the cover page.
DONE	 Calls end -ko output specif;c.ation phase
Phase IV. Solution Parameters, Boundary Conditions,
and Initial Distributions
Call	 Function
VX3ST
	
Establishes NPVSX entries into static
pressure table as function of Xl
e.g, ll*IO.05 0.1
	
Eleven pressure values at intervals AXI
of 0.05, starting at XI = 0.1.
VPVSX
	 Read pressures in PSFA
e.g. 4.3494
	
3.41...
IPINT	 -1	 Standard Input consisting of integer
array of numbers corresponding to depen-
dent variables.	 Program will integrate 	 Iq
first NEQKNN of them, plus U2.	 y3
1
KENO	 (N)	 KENO (N) establishes fixed boundary 	
i
conditions for dependent variables N`
through NN.	 A
KENO	 CNN)
e.g. KENO	 4	 Fixes variable 4 nodes on bottom of
BOTTOM	 DONE discretization at their initial input
values.
i;y
1.67
iCall Function
ICALL -1
ICALLS -1 Fixed	 calling
	
sequence for
	
internal
LINKS 4 evaluations,	 not	 to	 be changed.
LINK1 3
VTEMP -58 Read	 initial	 nodal
	
total	 temnerature xt
distribution.
	
Non-dimensionalize
entries	 by	 number	 in	 location	 58	 (TREF)..
e.g. VTEMP Read:	 first 82 nodes	 at T o =	 19090R
82*180[1.
T
VYY -(X) Reads	 initial
	
conditions	 for	 dependent"
variable	 N.	 Non-dimensionalize	 entries
by	 number	 in	 1Xj.
MEND (N)
t;
e.g. VYY	 -27 Initial
	 U2	 distribution	 is	 all	 zeros.
42*0.0 Non-dimensionalize	 entries	 by	 number
T in	 location	 27	 (UREF)
MEND	 2
e.g. VYY	 -27 Initial	 U1	 distribution	 is	 zero	 at
2*0.0	 2*1654.... first two	 modes,	 1654	 F/S at	 second
.....72*4004.8 two,...,	 last	 72	 nodes	 have	 4014.8 {.
T F/S.	 Non-dimensionalize	 entries	 by
MEND	 1 number	 in	 location	 27	 (UREF).
QKNINT
DESCRIPT
DONE
DESCRIPT 3
Standard completion
	
of data
	 deck
DOME
COMOC
END
EXIT If	 a	 second	 test	 case	 is	 desired,
insert data	 deck starting with CO4TITLE
before
	
FXT.T	 card. {>
1
s
r.
1
I;
168 %..
i
Listed in Table 9 are the changes to the Mach 5 test case
data deck required to establish the three-dimensional virtual
source data deck. The complete listing of the latter is included
as Appendix B. The following explains the alterations with
respect to input phase and the line numbers in Table 9.
Input
Phase Line	 No. Description
I 1 Title card for output cover page
2 Reference condition and control	 parameters
for combustion calculations using	 five
dependent variables
II 8 Form	 non-uniform	 discretization,	 using	 11
node rows X 6 node	 columns,	 producing	 100
finite	 elements
13
III 14 Title	 card to	 head	 each	 output	 call
15 Detailed problem description
22
IV 23 Entry	 locations	 of	 longitudinal	 pressure
24 distribution	 (constant)
25 66 nodes	 have uniform stagnation temperature
26 Initial	 Ul	 distribution
36
37 Initial	 U2 distribution	 is	 zero
38 Initial	 02 distribution	 reflects	 location
of virtual	 source
39 Initial	 N2	 distribution
40 Initial
	
H2	 distribution
Hence, establishing the data deck for a multiple dependent vari-
able, three-dimensional problem using a non-uniform finite ele-
ment discretiza.tion is readily accomplished. In this case, only
forty data card changes were required, using the two-dimensional
Bach 5 data deck as a master deck.
L
..^--
.....-..__-......-.	 ..	
.-. 
	 ,
.,..^
,1!
1
TABLE 4
- DATA DECK CHANGES TO	 PRODUCE VIRTUAL. SOURCE SIMULATION
Line
OL C[1 hiCIG CH1=f.K	 CASE FOR	 THREF DIPFNSIGNAL REACTING BOUNDARY 	 REGION FLEW
C2 NFOKNN=5,	 TEAS=1t	 IFR=Or 	KDUMP=O,
C? NPVSX=2,	 NSCX=1,	 NSCY=1t
C4 NE1F2=1t
05 UINF=2272.r
	
TOFINF=533.0,	 REFL=.003333333,
C6 TD=0.0,	 TD=O. LO t	 DELP=5.0,	 EPS -0.01,
C7: XSCALE=0.003333333, 	 YSCALF=0.003333333, VST ART= 1-3 1 .0 ,
CB 1	 75	 100,	 7	 5C	 100,	 3	 125	 100, 4	 150	 100,	 5	 225	 100,
CS. T	 INC.RFMFNTS RFTWEEN	 X3,	 NODE-NUMERATOR-'TENOMINATOP
10 1	 5	 LC,	 7	 5	 LC t	E	 125	 LCO,	 9	 175	 1*J0,	 LO	 250	 100,
it T	 INrPr-MFNTS 9 F TWF P N	 X2
12 1	 11,	 1	 E,
13 T	 It R '1WS ANn E COLUMNS NCRMALI ZED BY LREC-,HENCE X-Y SCALES =LREF
14 rFr-(-K CASE, THRFF DI MFNSInNAL RFAt TING BCUNDARY REGION - VIRTUAL SOURCE
15 CHFCK	 r.ASE,THRFF DIMFNSIONAL RFACTING RO IJN17ARY REGION -- VIRTUAL SOURCE
16 (F21f12/ATR	 SYSTEM WITH FOUILLBRTUP CHEMISTRY).	 PRCBLEM CONSIDERED
17 RFPRFSENTS TRANSVERSE H2	 INJECTION INTO	 4 SUPERSONIC AIR STREAM
18 rNARACTERISTIC O r 	SGRAMJET FUEL TNJF(.TION,SEE ROGERS NASA TNC-6114,
19 1971	 ANA NASA TNO-6476,1971 FCR FXPFRIMENTAL STUDY 	 OF THIS	 DROBLEM.
2C TURBt)LENCF 'MODEL EMPLOYED	 IS DESCRTRED 111 USERS	 MANUAL NASA CR-13245091974.
2.1 CALCIJL4TTMS 4R- STARTED LSIMG VIRTUAL S 1-lURCE CONCEPT TC REPLACE
22 Cn%iPLFX	 NFAP	 INJFCTION FL+2W FIELD.	 -
. 23. 0.0	 100.	 T	 XI TABLE FCR	 PRESSURE
24 193,	 1c,3.
	
T	 PRP SSUR r'	 TAHL F	 PSF
25 66*533.
2E 67.n
27 6* 1513.
28 6*1660.
29 2* 15 50.	 4x 1159.
3C 2* 1550.	 4* LF33.
31 2*1550.	 4*1P92.
32 2*2.272.	 4*1542.
33 2*2272.	 4*1S85.
34 2* 2272.	 4= 2074.
35 2*2272.	 4*2169.
36 6*2272.
37 66MC.0
i 3p 18'.221	 2T 0.-0	 4*.233	 2*0.0	 4*.233	 2*0.0	 34*.233
39 18'x.767	 2T0.0	 4--. 767	 2*0.0	 4*.767	 2'0.0	 34#.767
40 1{3x0. =1 	 2* 1.3	 4*3.0	 2*1.0	 4*0.0	 2*1.0	 34T4.0
f
i
J	
I
Ej
4
1	 ''
Sample output for the three-dimensional
	
virtual
	
source test
case	 is	 presented	 in Appendix D.	 The processing	 of pre-solution
output	 is	 identical	 to the Mach 5 test case, 	 and complete solu-
tion	 outputs	 are presented for the initial
	
and final	 solution
station.	 For the aspect ratio	 of this	 particular
	
discsretization, 
COMOC ascertained the six outputs could be placed W, a page as
^.	 illustrated.	 Appendix	 E contains	 listings	 of the	 specifically
written subroutines for eddy Viscosity, 	 laminar viscosity,	 and
effective Schmidt and Prandtl 	 number for the virtual	 source
simulation.
'	
t;=	 An additional
	
output array can	 be readily provided	 by COMOC
during	 the output phase of execution. 	 For-example,referring	 to
:.	 Appendix A,	 suppose	 that	 the array U3/UREF	 is	 to	 be	 printed.	 Then,
in	 IOSAVE	 -1,	 before the card headed by T, add 3248 to card
headed by 1247.
	
The	 "3"
	 refers
	
to dependent variable number
three,	 which
	
is U3	 in the YY array,	 and 248 is	 the	 entry position
in	 the	 YY matrix	 in the	 IZ array:	 Also,	 in	 IOMULT	 -1;	 change
entry to 15*2.	 Finally,
	
in DESCRTPT2,	 on third card	 headed
y
3
EFF.MU/MUREF,	 add U3/UREF in columns	 65-80.
A;
i
i
jj
S
i
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SYMBOLS
CROSS REFERENCE LIST FOR EQUIVALENCED VARIABLES
"l it sv Fr ukTon	 ov,	 T"	 •C T?V f 	PO P 	('FNFvaTINQ	 WFUTP,
r Till. I	 RWrAPY 0V F Q PRropim
C	 MM-OTCKPI PIFIRAU.
!"i1! 
	 I P A	 T	 I N P ( T	 % Qn	 Pt T Q I	 Pq l	 7•`1C,	 IN	 WAHAT.
11 T u ll!'? "P T NT	 KUM Of %IF	 SOPS I N 1PSOFT.
17 1<.	 c c 	 -c"rj	 V" p 	kyls-gy y .	 r•Ntyq.
1?7 1?, OF TI"VP W PAKT IKTPO. UTPU r
 IN WW.
119 T rn&F Vaq	 I r" O , YUK I t 	 015.5 U q W JY SFTUO,
120 1 pu I	 =	 F )" ?c N	 C! Lr LL 11 IV	 IN	 rHOPOP,
1 2 AQ I	 t	 nopqw.
C
	 r 1I L	 V	 iP^ .1 1	 0
110 T P IN I T It I T I Q T 7 i T T rN	 Pl r A YFTFS	 IN	 TOP OYr,
Cry WA 1 "14	 it	 viTr y lAl<
	 TK	 Dy j 0 Y v.
Im 1"ATiQ vr.	 >a	 C^.J I IVC	 IN	 VQTCPIA L	 TAKIF.
I n w 0 v i	 % c i;	 IA	 ca a
	
1 T
	
0i 
I	
"so	 I I	 wou
I % v T L P	 S A O 4" 1	 Tr a	 I N	 jAS.
T 4 	C•IJ14,
Ir	 -1 njo.
0` 4 0	 INTrv.	 CUTPUl.
r h	 T 1	 1 1	*^	 1',	 0	 e; 0 1 Y .
T OO K 1	 10	 1	 -	 !Nj	 1	 7 -0	 Ppj SV%T	 F"	 PAST	 V q LUF	 rr	 rF;
1 00 1 1	 Lr	 AKI	 nrujVAyIVr,	 Is r,	 IN	 MUM
•1	 .	 'if 1 n q	 v L\e	 (LSLALIV	 C h l y 	 I	 I
Uf ! q PF !n 	- I	 , r "" y j i , 	SPIM	 "Frr4i	 QWP O ING	 CWTPUT	 kTNr.
I q U A -	 NqT	 tcol.
L4 9 It TrWPI'01	 1 1° - A TI F" 	 rrHky	 IN	 va"rv,
l l I IT", I",	 no	 I I ,	 ' Val c	 I rp	 w I C 4	 r•	 PMT	 Ik	 PWF;ur
14 1 k AL 1 01 r_;, 'I	 jq	 -r r F 1 L	 W	 t er	 ;n-V irg	 IR F A	 r 4	 h r 17sl	 IN	 -1.
01 jrqmm OPIKI	 110 0	 r p "n q	 qN1	 INTP	 0cNPnATFP	 11	 PrIj rT .
c K r y i y r IN Trrw I T I v	 T 41 H v ICU .
1	 vAx [ v t	 % j c ri i i p	 M	 I L I T V .
7	 4%Xl-t	 'F L Al I VF	 C TA A ! L 1 TV. 
9 I m l	 " I	rl r. 	 Tv	 R q P"	 4
""T	 L c f !	 .
1P MT	 i t O N: 11 v	 A IP t 	 I P	 I •
7 Ov IR T	 IN y ru	 w nT,	 roTPLT	 SM	 rlvcg•
I t wru%7 . a i m w 
I 
v	 r r L
	
T	 K I PLT .	 LI • MM R Y L04INT)
I l l W WI . PI-I	 " A;	 %k y " ry	 r"	 WWI	 LITI	 Nr.
117 APLVNA .	 Nr,	 lb	 11 0 1 AI L OC	 10	 -4r	 P10 T TFQ	 A.PU%rHFQ
T tqrT Wj%q rm"Tirki.
K	 ' v KLIP1
IL I"
q4,	 1%	 qj xror yj jsrj(	 IF,	 r	 110
172	 opjr;INAL PAGE
OP PD01 QUAAWI•
136 KSAV	 - PLf7T 74PE NC). SAVFO IN GKNINT.
50 LrOL	 - 'Naa OF COLL VN! IN nISCRFTI LATIC N ,	 DEF. = 20
156 LFIL	 — FIL+t_ PARAME_TFR LSED IN FLEW.
47 LG	 — NU. OF COLS, L SED IN C014TE S AKD DFCFR-L.
34 LP R INT - LIMIT LIN CUTPLT CCLKT.	 DEF. = 100
137 LPSTAI - PSISII
 INPUT t = PCTNT, 2 = SLOPE AT LCMFR MCDE
13R LOSIA14 - PSI R C INPUT 1	 POINT, 2 = SLOPE AT OVER NOOF
157 LRS	 - -CISf'R i5TIZATI0 , h PARAPFTER US F D IN ELFM!
1.0? MTM	 — N0. OF PA-FiES IN FECtTP.
23 NR	 - Nn. GF ChAR. TN EACH WCRn CF f1UTPUT WAR. TITLE.
131 NAlRn — N n , nF NODES AROUND OCRn OR VF THSCRETIZATICN.
69 N g
 SET = 1 = STORE Or-P. VARIABLE INTO YY ARRAY AND PRTI-T
INTFGRATICN KCDES. (USED IN I NWAY' 1
0 = STf]R r- VY F NTPV IN DE-P. VAR.IABLE.
— 1 = STPQF DEP. VARIABLE INTO-YY ARRAY.
^ ' NRU(;	 - 1 = PkTN3T O,LTPUT FPCM N L7H M RCUTINES.
27 NC	 - NO. ,.7F CHARACTER" IN CU TPUT FC]Rt4AT.	 IIEF. = 8
125 NICALLS - Nr1, nF Rr)L,TINES fr CALL AT END OF AKNUThs'
13 NCs)n p D - 0 = 710 fl1MF'VSI0NAL.
I	 AxI-SYMMETRIr INCT CPFRATICNALI,
F9 NCP TAP -- Nn. OF ENTR IF S I N SFFCI FTC HEAT TABLE.'
1 Nn	 --INITTALI7A7IrA PA A AMETFR IN IIFCFNS.
51 NOOL
	 - Q Nt IK f: Of)F Tr n.F TFRMINF NINIMUM STEP SIZF,
1.24 NOFRIV - ? = CALL n f^R.VKS. 8 = CALL OERVRL.
4F Nnrlc
	— Nno 7F OFC'?E PS nF F RF€nCM. (USED IN L7H1
56 NDMITZ - C = SET LP F)nLTP VECTOR TNi I STRf s ONLY ONCE.
a2 Nnr17	
- APPP'lx. LFNIGTH C r
 DCL TP VFCTUR.	 OFF. = 5000
16 2 NDPVSx - ND. !7F oPn x M S IN r-PRIME TA BLE.
15F NFLADC - SFT = 1 IF ELFr ^ FN7S ARE TO 9E ADDED IN FLEM.
154 NEL nEL
 - SF T - I IF ELE k' F NIS A RF TO BE nEL ET Fr 1N FLF'm.
14 N FLFM - Nt1 MliF P CF FLFNFNTS ( TRIAN GLES
 ).
89 NF`"!1	 - STA R T TN6'; Lnc. Pr.rz . IN, DIF ARRAY.
31 NFO	 - NIn. CF nE'P. VA a TV'I.ES TC RF SCLVED,
5F N F [JKN1N - N'3. .1F nEP. VAP IA FlLES T  9E IK-TEGa liSING M CKKINT I
 .
4 51 NEXP	
- N n . rf PCLNnARY Nif' ►lES IN JRCUNn ARRAY. (L7H)
107 NIf1F2
	 1 = LrF Ft CURVE F CR FPSILCK.
2 = LSE F1 4 147 `? CLRVF FOR EPSILCN IK CFCFRL.
46 NF	 - Nn. nF M RS' INTF VC R DS IN TITLE FCR FAGH DEP. VAR,
9b NFIRCL - .'n%TROL PAR, IN M R& KC y f) M r-rR 1ST OR SUPS, F:AcSF.S.
104 NFL TP = PL r 1 PARA M FTFR Tr- MI+;.RCR O TPUT. t ?=MIRRrR)
119 NO P OG - PP IK7 INPLT ANn n LIFLT IN THFRNC.
130 NGETH - CnUN'IER IN DRHOGS TC INIT. VARIAELES IA GAS.
R5 '\I FS	 - NO. OF FLF MF tiTS rr p\Y&[NfNri ROUNOARY GR.ACIFNT
I'I F " 0 MATICN Fr,R 9044, M TRFF M AK17 •F$.
53 N1H?.
	
-* N`l. 9F INC ? FASTS IN STI`P S I 7E IN f;;KfWIN.
54 NH14 ALF - NC7. OF CErPr'4 cc e TN STr P ST 7F IN CKKUIN.
68 NI
	
STAzTING L fl*., I lk ' WY ARRAY FCR DEP. VAR. NIP.
63 NITND	 - 4 I7 1 ARRAY STARTTNG LOC. PAR.	 APPROX. = 5*NO'EE
65 NJ	 STARTING Lo r. IN 77 ARRAY FCR DEP. VAR. NP .
IF 8 NCI,. INF - L 1NF r,CLNT F IR CUTPLT CC NITRCL.
	
OFF. = 60
63 N4M Rl tjT - %C. '1'F VA.R T AIL FS Tr HE PRINT ED,
15 NN	 - L I NIFiR APP'RI:X. T.ND P- x.	 hFF. =	 3
IE NNn!E -- 'AMIE Q Of NODES.	 ORIGA,TAL p,','
OF POOR Ri.L r,r .._.
113
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ENTRIES
156 ATNF - ttFFF p fNCF	 SPFcn rF	 SCLNn.
1r- L14F	 . LE. Co AINF	 = SQRTTG *GAMIUAF* PINE / RHCTAFI.
T F	 LINF	 .GT.	 C.
41 14F	 = SQRT	 IG*GAR M AF* RUNI V*TCF :TNF/KMAI
5 A.1 _ .IRULFS CCNSTANF.	 77E.2.4
3 ALC - CHA R AC*FRISTIC	 ELEMENT STIE.	 DEF. = M.TN.	 SIDE
1.15 BSTART - NnT L SED
176 CRTnKJ - SPFCf tTC FEAT RRt TT SH TC MKS
	 4.184
v ['OMPX - CO ,%4 PRESS IC «Ρa FACTnR FoR rUTPUT COL VECT(30*
IN11CATES PERCENT OF X1 AXIS' TO 8F USFO TO SHCATEN
PP TN T SPACING I NTFR VALS.
	 DEFAULT - 090
E4 COMPY - t04 O RFSSICN FACTrR TOR CUTPUT OOW' VECTOR.
SA)4F AS CO M PC j RLT FOR	 X2, 	AXIS.
1.24 CON - CON STANT  L:SED	 Ilk,
 DFCF31.	 L	 DEFAULT = 0.4
10 Cf►NR140 - IF GT	 C.O.	 SFT ALL RHO x Ci3NItHC.
62 cnNV - rltJTPLT	 SCALE FACTCk = 1.0 / REFL
7T fON1 - AI_C
	 / ( R F*CPjTNF*xMLINFl
79 Cn42	 - CFIN I	 /	 T7F INc-
158 CPA - SPFC 1FIC FEAT OF AI,R.	 DEFAULT - 0.24
159 C.P°H	 - SPFC[FIC FEAT OF HYCRUGEN.
	
DEFAULT - 3.445
16C CPTNF	 - SPECIFIC F EAT frM PLIE 'D IN CPfNlT.
30 CPO IN F - RFPF 7tNCE SPECTFIC HEAT.
I 5c 3 CVCP - SPEC. I-FAT rokv. LSED I-N THERMC. DEF. - 4186.0
148 CVI+ 	- FNTFAL- PV CC4VE95l - CN LS D IN THF1tMC • DEFAULT	 1.0
151 CV P 	 PRF c SUPF CONY. USED IN THERMC.
	
OEF. = .4725 E-3
152 fVRHCI	 - r)FNSTIY C'C. N V. .LSFD tN THEROCr
	
DEF.. = 16.02
150 CVT
	
- TF+AP. CC4- Vr-RSICN LSFV IN THERMO.
	
DEFAULT =	 1.0
144 CVU
- VELOCTIY CCNYERSICN USED IN THERMO. DEF. = 0.3048
130 C4€D	 - CCN!cTAY T L.SF-0	 I.N DFCFRL
	
OFFA49LT x 0.00023
143 C4EDSW - h F RC FNT nF TO A T UH ICH TO SWITCH WO IN DFCFPL.
144 C4FACT - MUL TT PL: IFR FOR NEN C4ED AFTER C4EDSW OCCURS.
13 DELP - D ERCFNT INTERVAL FOR PRTk ,TCTJT.
	 DEF. a 2.0
1 133 nERLT	 - PFvrFNT OF Tn Tn OF LSEO FE?R PLnTTtNG STATICNS.
1.11 T)ELx 3 	.- TI ME	 5 1E P Lgtf) IN. CCNTES.
113 BLAST	 - T1 14E	 STEP LSED IN CEKTES.
114 rl. X f ' I	 - T14F	 STEP L FD IN CCNTF S.
161 OP 1NF	 - RH INF * LINF* *2
165 DR TIP D K: - t l: GREES RANKINE TC DEGREES KELVIN
	 5.019.0
17 S F'3 -TnK,J - FNTFALPY AR TTTSH TnI M KS	 2.3244
137 Fl IPS A - 40T L SFp
138 FI IPS R . - V!'T	 LS.FC
135 fl IPSF - NO'S
 14E0
136 r-L TPSK - NOT L cEO_
1:4 FPS	 - ACCL;RAC'Y	 1F5T RFTIAF EN PRFD-ICTCR-GC►R R CTCR FC R"ULAS
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eti•l^	•IUIiv'j j	11.all^Vtili—	aI 
1-bCE'G	^!1^n	1.1	LA:id— A.0 J1Ij741
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`1	t1i0UE	1+j:)	J11	1IJy a—	41_,	11jsr.l
w";	IbNL mad	I	'1—	diUdiUL
56 RTC 45 - UTNF* *2 / tRTCpNI*CPCINF*TCFI11F1
57 PTCnN t •- 2.0 * R TCCN4
117 RTnHm I - R ''	 *	 (	 Tt1H /TCA -	 1 * 0	 1
2P V U11IV - 1 INIVERSAL GAS C INS7A NT .	 DEf. =	 1545.33
129 SCT — C INSTANT SCHMInT NUMHER
	 OEFAUlt : Q.*T
1C A Sr TM IN — WIT	 L Sr-fl
1 ,')7 SCTRIL T — WIT L SELF
131 SPLTT — rUVIFF LSFO IN H1MT)c	 DEFAULT . 0*02835
44 502 —	 SgaT(c.Cl
at ST HM T'M — WI T
 L3SEI)
73 STLCCR — R F F. CON * TFM P * T K SLYMERLAND-oDEFAULT * 204*0
74 STL DFX - f-XPnNEN T	 114 SL THF RLAI4n * 	REF AULT -
	
1.5
7? STLDTR - 01 r-, TFM l .	 11 S1,T4ERLAN©.
	
nEFAULT = 492*0
71 STLCVR - VTSCRSTTY LSFD IN SUTHERLAhr,	 RFFAULT - * 1163 E-4
51 SSt%IT	 •- 1-5TNTT	 /	 FACT
35 Tr -	 T rITAL
	
SrLI.TTC'%	 T[ME	 FR g'M TC,
47 T FCGF —	 A 141 M U w 	T£MP6:04'TORF.
22 TF - c 14kL TIME = 70 +	 TD
4 THK — 0"FAVLT NGN—rl T M ,	 THICKNESS OF ELEMEIITS.
	
(1*01
23 T IMF - CUPR'NT	 71MEo
2 4 Tr -	 STA R -77NG,	 T IMF .
146 Trl A - 41 !1	 T =MPFRA Tl1RF c CR CCMPUj ATT ChS	 IN DIMEN.
54 Tr)F Tv F - RE FER FNC.F
	
TE14PE RA TURF.
147 TnH - H Yr R OCEN TFMPFRATLRE FOR CCMPUTATI'ONS 10^ DINEN.
40 TR ATI'T -	 1 * 0 ♦ 	 (GA MM 4 F -1 * 0)	 * XMACHS**2 / 7_.0
29 TPNC -	 I'llTr GR4TTt'N	 PARA M FTER	 IN	 ICKNUTN•,•.
15S TSTN P - STATTC	 TEM P ERATLRE CCM IN COIKTT*
25 Twnp I - PI	 *	 2*C
46 Or CCE —	 AA X T u LM	 L	 VELCCI TV.
2.7 UFN r- - V r LOC ITV 	 (FREFSTRF410)
141 VA	 •- M &J,10	 AXIS OF 	 ELLTPSE FER	 VIRTUAL-	 StlURCF.
142 VR -	 AXIS IF FLLI R SE r-OR VIRTUAL SOURCE.
104 VFLr c*T — UTV F **7 / t 2.0*G*AJ*CPA*T0A1
139 VH — CFITFR OF H2 ELLIPSE FOR VIRTUAL SOURCE.
1401 VK — CPNT F R C F H2 F-WFSE FOR VIRTUAL SOURCE*
177 VLr3TnN — VISCnSIT Y RK T TI SH	 TC P► KS	 1.488
L78 VLBT11P
— VISCOSUTY RRIIISH
	 T C CGS	 14.88
1.02 VSTART - p FRCENT {IF	 TO AT IPHICH
	 T r'	 START V Cc-mP.	 IN CrNTES
81 XT -	 INTTIAL "WIR'). CN, 'XL AXIS * 	DEFAULT = DoO
125 XL AM — C (IA STANT	 L c E)	 IN T;F CF3L	 DEFAULT = 0.89
37 Xk P W LEWIS A€I MflER.	 OEFAILT = l.0
1(}9 XM A - +MnLECUL AR WEIGHT OF AIR.
	
DEFAULT = 28447
6t XmACHO - LOCAL MACH A1149FR *
154 XMACM'S -	 INITIAL MACH NO,	 LSEn IN RIMFN.
66 XMF - IIAec	 FRA::T T ri ^F	 FLLT D.
t72 XM ' FACT — .Utl F 	 *	 S..)RT	 tV.%"A/(T(FLNG*rAIM14AF*G*RUNIV.11
110 XMH - MOLE('LLAR WFIGHT (IF HYDROGFN*
	 DE F AULT = 2.016
128 WM SDF - MASS nf7FFrT CC'MPUTED IN Q3 CtNC.
12. E XMUAI Q - VT SC f) S'TT.Y i7F	 AIR.	 .0.0000115
127 W14UH2
	
- WIT LSF0
39 XM I1 IN F - VT-SCOSITY	 tFRrFSTR€AMf
128 XMIT p S - NI T LSc
98 XP41:MF '— NT!N--11M.. PRESSURE. GRADIENT AT PRESENT STATIfh.
,41 XSI-V-r SHIFT XC CM31)lfiA F .	 O FF A . 141 . 010 0
76 XT — f)U;TPLT	 K T.A7SCf+	 s	 TINE * F ACT -1 OF FL.
112 X IL A%S3 - LNST	 1tm F 	5Tpp ts i:n IN CCMTFS.
q2 v1 -INITIA L CrM. ON W2 A XI S . DEFAULT 	 0.0.	 a
53 YSCALF — X2CGR SCALE FACTOR.	 OFFAU 'LT
^.	 e
=	 '1,Q.
42 V SOFT - SHIFT Y —CG0;RDINAIF..	 ofFA.l:tT _ 0:;0	 ,.
01 V11p — UPP ER v IN or-Um-,
173 AMAX — ^:Ax.	 EwRI1+aTIVF.rr!^eFt;TFD
	 L^	 ^^K^IJ h..
^q IT - r)7 tMFNSlCN4L (-.LPRFKT	 TIME
65 ZTF	 T -	 ST7P .Pr)O'r.Q.q ^ 	 WrN ^A x. i.Z7l . L,F 7TFST.	 1)EF. _	 IE-4
IZARRAY
r)F FtNITi7V	 r NTPV POINTS IN I  ARRAY.
IA RQAY
FNTRY
201 TCOL	 w-- -lUTPUT CnLUMN VFCTnR USEn. IN FEQUTP,
207 IROW 10TPIST Row ver-TGR USED IN F°ErAJTP.
291 IFMTHn --- HFAPtNGS FOR OUTPUT VARTARLES,
204 1 r IT1. E	 --- TI TLF Ff)R	 START 1.1F FACH OUTPUT PHASE.
205 TIPTNT --- LIST nF UEPEN)ENT VARIABLES.
206 !KBNO	 -- NO. nF 801INDARY NODFS / DE P. VAR[A:SLF.
210 T INC3L --- Nn. OF NODES PER COLUMN..
211 IINRIW NO, OF NOD FS #M FR ROW.
218 ICPTAR --- SPEC IF I" "FAT TA BLE ENTRIES
214 ITT48	 --- lFMPERATtJRE	 T&RI.F ENTRIES.
220 I T USF D --- 4"7UNTER USF7 FOR OUTPUT IN FfrnUTP.
2?3 IXI,P3S	 -- TEMPORARY STUTA GoF FOR Kt`C17R COORnt NAT ES.
224 T K .?PETS rrMPORARY STIIRAGF FOR MOR COOR HNATESa
22S IIAVn A IR AY OF ROUNnA lzY y0DFS FOR DEPENDENT VARIABLES.
22+6 ItNanF	 --- LIST IF .ELF-WINT CONNECTIONS WFLEMENT!.
232 fW4	 ter- SOLUTION Q(t7Fa nF NnDF S FOR DFP, VAR. IN OEM*
233 I TNDEY IR ►]E.R nF NOIES RY COLUMNSFROM LEFT To RIGHT.
23.4 1 "NOR 4 -- nROER OF NODES BY RUWS FRt M TOP - TO
 
BOTTnM.
7.3 15 INDC'Il.	 --- "):UTPUT COL (1 14 N POSI TION OF	 NODES,
236 1 TEL S	 --- VO. OF ELI" ME NT S CONNFC TFn TO NgDES .
237 in FM	 -,- NOT. USED.
238 11BlRn	 -,.. LtST OF RnR')FR NODES IN wC 
	 ORDFR.
241 18211	 -- .9211 MATRIX COMPUTED IN 360NF1..
7.42 T?211S --- B211S MATRIX :04PUTFO IN GEnmFL,
245 142114 --- R211A ANT I.-SYMNS TRIO MATFt T
 X
247 IntF	 --- r-fR%T HALF USED TO STnRE ntFFUSION COI:PFTCIFWTS.
2ND HA LF tlSED TO STORE URCE TERMS.
248 l:YV STORAGE OUR 2 VALUES OF OEPENDENT VARIAGL^S,
.249 ft?	 --- S.TnR:A-Gf FUR 2 VALUES OF 0hRtVATI . VI'S r-ost DI m . VAR.
4250 f  IP 2
	 -- FLEMENT L:FNS T4S CO .MPUT .0-1 TN .rFnMFl .
279 I 1 4	 --- NJOAL VALUES OF FNTHALPY.
292 Ti	 --- TEMPCIRARV STORAGE FnR DEP ' FN13I"NT VARI ABLE,
283 10P	 --- T r,4 P ORARV STORA F FOR 13+".RTVATIVF OF !) c P, VAR,
2R4 IRH :I	 --- MODAL VALUFS IF DENSITY.
295 ITE4P	 --- N30AL VALUES OF TEMPERATURE.
2R9 ITK ELEwENT THI -.KNr-SS 0ISTRIRUTInN.
299 1  ICOR --- NJOAL VALUES OF TRANSVERSE GtimnINATi S.
Zap IX2w3R 'NODAL VALUES OF NQRMIAt	 i:(WROIN'ATES.
291 ! ►t RFSC	 --- 401)AL VALUES nr PRESSURE.
29? IA"U	 --- N ODAL VALUES OF VISCOSITY.
301 TnL	 --- RHO*ULAST STmAGE FOR CnNT€S.
332 I0P1_ 	--- nELU STOR415F FnR CONTFS.
303. TV r-L	 - •- PHn*V STnRA -,F IN CUNTES.
304 I W R Ha* W STAR A F IN C nNTE S.
316 T x 12	 - TRANSFOPME9 X-4XIS OF ELEMENTS,
3'07 I)(23	 --- TRANSFORMED Y-AXIS nF ELEMENTS*
30@ ! V 411	 --- Y- C!]CIM, USFO IN CONTE% AND Or-CFAL.
3n9 s 1pF 41	 --- I ST TERM OF 92011	 FLFMF-NT MATRIX*
317 T	 ? --- 240 T7R4 Or- 82001	 ELEMrNT MATRI X.
-41t ?1'l ITS	 --- LIST (1'F VARI A .t1LES	 TO 9E PLnTTFn.
312 1 G LTYP --- TYPE nF PLnT Tn RE GFNE R ATFn.
31.3 TPLSCL	 --- SCALE GACT9R S TO RF tJSF r, FOR PLOT.
314 TSCHM T -_- Nn7AL VALUES 3F	 SCH M InT NUMRFRS,
315 INMAT	 --- LIST of	 MAT ^ RIALS	 IN RE!"I 1N,
316 1*4 ELF4	 - . O L.EMI yT VALII r	 OF	 MATERIAL.
319 1 CRC E	 --- NOT lJSEO.
320 PASTAT --- 4 3DAL	 VAL UES nF STATIC ENTHALPY.
321 TCALt	 --- LIST IF LI NK NHS.	 To CALL AT rN0 OF OKNIIN.
32? MALLS --- LIST nF ROUTI NE NOS.	 IN ASSAC,,	 LINK Tn AE CALLFn,
323 TIMULT --- LISTOF MULTIMLIERS' F OR i?UTPUT VARIARL:E .
324 T ]SAVE --- LIST (IF VARI APtE S TO RE PRI NTFr) IN OUT P:1T .
325 14OUT	 --- T'FMPORARY STARA", E FOR DiJTPUT VAR.	 AN13 SnURCF DATA.
337 i. Tr4r: L	 --- L t ST of	 N30r S. I. CnL,	 I N A XI - SYMv	 t: nN.TE S
328 1ICv?x	 --- L tST nF N"Ir- S TO BE USED	 IN Sn`LVI-Nr, AXt-S.	 r UNTFS.
32Q IWC I S	 --- rnSTti v	nF	 AVGT E	 I CnL,,	 IN	 AXT-SY M., 	 Cn4T FS,,
331 1VS IN	 -- S I NF IF ANGL F f CnL. IN A xT -SYM. 'CONTFS.
33.1 I TP-JkR	 -- LIST	 31F	 PlkR %ME TF RS : Tn	 PR INT	 AT	 START . CIF	 n')TP,f [ .
33? 1IPAR	 --- H:ILLF'R I 'TH 1)7 Sn 	OF . PAR.	 At	 START	 f] .F	 OUTPUT..
?33 1S.UTI..I 	--- LIST nF CCINSTAINTS Tn, .BE USFO IN SOTHLOo
334 IPR	 --- N7DAL VALUES OF PRANnTL NUM.SI'R`.
3 .35 TAP .AR	 --- LIST. OF MULT.	 PCIP- PARA :M.	 AT START	 OF rlUTPtIT.
3'3h XFD4	 --- M3T)A.L: VALUES
	 1 F 	 TURA.
	
VISE.
	
P`nMPUTE#1 .T. N. nF(,F3L.
3JT rSKVF 'R --- 1 ISTIRF	 SK1.4 F RI CTION . PAR:A_. 	GnMP,	 IN WLFLXS.
334 tSTN	 --- LIST OF STANTON ' NOS. Crl4PUTFn IN W LF LxS.
334 TX ;^ ST	 ---. LIST	 nF . DOWN STRF AM+ 	S.TA.TI 0N^S .. . . i*1 	 P RFS. v,UR-E	 T:^l.!3LF..:
41 IOVSX	 ---
-
LIST nF nfi,wy S TRF AM PRE S -;+.JRF'S` IN	 P'if:SS J.FIE `F A9LE
341 i El?x3	 - LIST	 nl	 hi? WNSTR = AM	 STAT[ {JNS	 IN PRESS..	 rRA•^. TABLF.
34P I f)p VX	 --- LI ST 	 (1F	 X).WV ST RFAM	 PRE SS. .npRA F)',	 IN	 PP. •	 (; It *	TABLE..
i80
^^.r. . 	:^: r. _^4a4r_+. rki	 :w^:_4taa47s^§n?	 .^kkS.+^i:^sirS.;a`s.fF •.:^,:"a`5^£5^',eaZ	fdkEe*i3iis•^',krt.uv.^^V
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APPENDIX A
DATA DECK LI ST INf' FOR MACH 5
TWO-DIMENSIONA L FLOW CHECK CASE
fEtlt
COMT iTL F
-^,	 CFiEGK CASEs rMn, O.iMENSTONAL StIP[ R.SONI C FLOW WIT14 PRESSURE GRAOTENT
FENAME
GNAME01
NEQK NNr2.	 IGA5 09 1FR= 0 r° KDUf!iP=Oo
NPVSY=!lr
	
NSCX=Ir NSCY-Lr
F.TNi
$NAMf02.
U iN#+ 40 .C4« 8r	 -	 {.GJ I No 1800• r RFF_ L=.0132
TO-0.19
	
TD-0e 2 s DELI=5.0 i EP "5 =.41.
VSTART -F. Cr	 CPA=0.:24, C-PHx9 .445r Tf)Awl800.r
7ni+=C,0.
	
xrA =28 0 97, *#4.H-2.0169
%'StALEsj,,Qr	 Y^fALEs!•Or
EFNG	 -
F ER I MN
L INK L	 1 SETUP
1	 2	 10009	 2.	 2 iCGCo
T
1	 2	 10001	 21	 2	 LCc ct 	.
T
L . 21.	 1	 2v
t
Gl+ECK CeSF•TWn n1MFNSInNA :L SUPERSChIC FLCW WITH PR•ESSURF GRADIENT
WrFr-prm : F	 r-NC-1.ISH-FT	 ENGLISH-1'N M"-K-S	 C-G-S
----------	
------------	
------------
-
------- --
r.CNE
MPAHA	
—[
2	 7	 lE2	 164	 163
2	 Y	 2 	 163:
Z	 7:	 .2	 ITO	 .174
2	 2	 2	 lf 5 	2
2	 -175	 .2	 Z	 2 -
2 	?	 2	 176	 x.
2	 2	 2	 177..	 178
7	 ?	 169	 i4o	 lE.7.
2	 2	 2	 2	 2
: 140L BT
LENGTH.'.	 ....ti..;:	 ,'FT'•. 	. 00 all 	 .ik..	 ....•	 .. ..	 .•.. .CM•..:....
XITYa:r•..s o 	•FY / 	«:r •t4;..«	 • AsIL.^ •^...• yM/$os^. .«: ^.^M '%$^a.+a.«.•
DEN -S I TYf^ «••-. r"•	 ::L^"^► /FT3.. . ^ s 	oN,A... •.. s:. .KG143.	 a	 6 WG/rC.a0i,
TFiN PER Arl1R F . r: 	•RliA , K I NF,4 . a.	 •A	 A...•, . *ww. *KELVt14os,-..: .4*A. s .... a .
_
C51:T.kAL pY .: r • r • .	 •:PCT	 / Lf1	 • . i s.	 .	 • A• .:: • . ^ • . . K,	 a a.*..	 • 4N .-J 	 4;a. • r.a:
FR[17 1 ,10.. r	 NFAT	 .AT.LIL O M-9* 4	 N • a r ..•	 ... • « • • 1<a /K C SIC *No 	 • ^:. • .... •
V'IS«"SiTY.•"..... "	 _ ;E TiM /FT-5 . 	 	 ;N.A...'	 .:.•.^ " NY	 S/,!k2 ." . . POLIS1"	 •..«	 ._ .
LlCAL	 PRC55Flk	 . P"SF..	 .....	 ...PS E •.. ^ 	 ..". .'NT/^k2	 .	 : a TORR.	 ..•. op
IJ
LnCAL SOLUTION	 MACH NC.
	
D PDXIILBF/FT31 MAX. H2 CONC. MIX EFF J FTAI
	
i
X1/LRF.F	 OXI/LREF	 EPSILON
	
E;XlMIN/LREF
TCNU"46 -1
	
200	 4*43	 20C 27	 200 2*27
	
200	 10 200 2*10	 200	 58	 200 58 200
	
200 97 200 97 2C0
	
200 30 200 30 200
200 38 200 2*38
999
	
200	 36	 35 36 36
200
	
E1	 100
	
134	 122
11	 12	 14	 85
ICSAVE -I
1248 285 320 284 10248
2248 278 4248 924E	 8248
1.247 334	 2.92 ?14
T UvT.4•S*RHO P N29'6.C P 9H7QT tH2r029T)IFU t PR NU. ,LAM.VISC.#SCT.NO .
14*2
T UPT91-SrRHC yN29V.CPtHTOT9H2902901FUOPR N?.9LAM.VISC*9SCT.NO.
nESCRIPT 2
fil /UREF	 T/TRF-F
	
HSTAT/HREF	 RHO/RHOREF	 iwLEM.N2 MAS.FRAC
U.2/UREF	 CPF/CPFREF	 HTOI/HRFF	 FLF'M.H2 MAS.FRACE-LE14.02 14AS.FRAC
EFFeMU1 44UREF	 EFF. PRANOTL NO * MU/MUREF	 EFF.SCHMICT NO.
CEMOC
CESCR IP T
CUMOC CHECK CASF FOR TWO-01MENSIONAL FLOW WITH PRESSURE GRADIENT.
A COMPARABLE SIMTLAR . ITY SOLUTTCN HAS BEEN REPORTED BY CHRISTIAN ET At9
ARL 70-0023. SPECIFIC CASE CDNSIOEREO CORRESPONDS TO MACH N0.5 BETA*0.59
S101-0 (ADIABATIC WALL). SCLUTION STARTED AT X=0.10 FT. WITH SIMILAR
SOLUTION PROFTLE.LAMINAR FLOW isITH VISCOSITY FROM SUTHERLANOS LAN.
CISCRETILATION SPANS THREE TIMES INITIAL BOUNDARY LAYER THICKNESS.
ISOENFRGFTIC FLOW WITH TOTAL TEMPERATURE _ 1800 R.
CCN F
VX3ST
	
11*IO.05 0.1
	
T X1 TABLE FOR PRESSURE
VPVSX
4..3494 3.41 2,846 ' 2.46 2.2176 2.02 1.857 1.73 L. .6t78 1.53 1..4491
T
	
[PINT	 -1
	
1	 4	 B	 to	 9	 3	 2 T INTEGRATE Ul•ENTH.ri329N29"2.l139Q2
K 9NO
	 I
90TTOMDONE
FIXES U1 TVARIASLE NO. 11 ALGNG MALL TO INITIAL VALUE
K ONO	 2
octfoM	 OCNF
FIXES U2 (VARIABLE NQ. 2.1 ALONG MALL TO INITIAL VALUE
KBNO.	 4
BOTTOM	 DONE
FIXFS H (VARIABLE NO. 4) ALONG MALL TO INITIAL VALUE
TC4LL
	 -1
2	 5	 2	 2 i 1 2?
(CALLS -1
1.0	 6	 4	 12 5 f 3 T
I f 14 3 4
!_ INK 1
	
3
VTFMP	 -58
42* 1800.
T TNITTAi. TETTAL TEMPFRATCRE PROFILE
VYY	 —27
1*0..0 7* gf5.
	
2*16E,49
	
2*2373.	 .2*3004.	 Z*3S50-..	 2*36798
	
7*39 Q2.	 2*4CC492	 24*4004.8
T	 INITIAL L11 PRLrFILF
VYYENr'
VYY	 —2T
2*0.4	 2*2.1.2	 2*211.14	 2*53.52	 2*63.2
	 2*109,3
	
2#165.
	
2*253.	 2*447.	 24*45C.
T INITiA4 V2 PROFILE
VYY F !NEI	 ?
VYv
42*.2?3C
T 1NITTAt n7 MASS FRACTICh PHr1FILF
VYY EN r)	 H
VYV
47.*.7E7C
T 1NIT tAl. N2 MA SS FRar TT[A PPr;FI LF
VVYEND i0
I)IMEA1
000141-L
VYr
42* O..x
T	 tNTTInL	 H7 M ASS	 FRarTlrh	 PRrlF.iLF
VYr C N+'1	 4
7FtN 1NT
P.E.SCR 1 p T
nt^tri
r•.Flt-  I 
	
T	 3
QEfr4F=NrF LFNrTH	 RFF 43 FT.
rtFFGp 	v	 V15r r1Sft 'Y L IMTNAR	 VAL 1)F
FV4t. lJA TFr:	 AT OFF.	 T:EMPFRATIRF	 . , 3:E! LAM /: Ft-5
FRFF" S Tp F AK	 VFf fir. Ttr AT	 x0I.L0F'1 27 FT75
S Tnr;yari °^N 	 TOAP EW(JRE	 TC[IN&TA 	T, = TK=FI 58 PfG R
FRF u STRFAM I)FNSITY AT XQf-=RH0PEF! 14 LRM/FT3
5RFr` 9;TRF-AM M ACH hUMBF Q 	AT	 NO 154
STAaIr.	 pg F S trr.a.F.	 AT	 X{ 9. PS F.
Nf1M:r1 FR	 9 F W 11'FS' -I:6
NOM PFP	 10 GTNI TF F.LFPOF-KTS_ -1.4
r^CN"E
rr.moC
-. E N.0
^: Y
184 _:
K-OUIOP-09
EPSWO*01#
,i N*A. *. 4 a *.0 0 dk
aN*A*e6:#e4f0
okoAeoosee^e•
IP NOAa*Ol b e e aa
a No-A * e we we tp
o.N*Aa
PSI........
OPDXI (LOF/FTI)
i Mrs.. . .. ,i w4 .
O ,
k
.
J /-KG-Km r..
:NT'-5 /
NT/ N2
MAX. H2 CONC.
00 0.6 * *a
01ce
oNeAeseemome
do a A * 0 6 .0 4k:404 60:001I.S.F..
	 •
141-X EfFai: ETA ,l
APPENDIX 0
DATA DECK LISTING FOR VIRTUAL SOURCE
THREE -DIMENSIONAL CHECK CASE
FEAL
CONTITLE
CO"QC 
CHECK 
WE FOR THREE OINENSIONAL RF&CTING 5OkJNOARY REGION 
FLOW
FENANEF
9NAME01
NEQKNN-! * 	 IGASwl 9	 I FRiBO 9
NPVSX-29	 mscxu l f	 "Scy-It
NE IE2*1 •
END
CNAW502
UINF-2212.9	 TCFTNF-533*09	 REFL-o003333333v
ta-000 9 	 TOU0.10•	 DELPw5o0P
YSCALF aCoCO3333333• YSCALF=0.003333333 i, VSTART*101.0•
&ENO
FED INN
L INK t	 I	 SETUP
1 75 100v 2 
.
5C 100, 3 125 IM 4 150 LOO, 5 225 1009
T	 INCREMENTS 5FTWFEN X3• NODE—NUMERATOR—DEN014INATOR
1 5 10P.7 5 '16 9 6 125 100 • 9 175 106-► tO 250 100•
T	 INCRFMFNTS BETWEEN X2
1 119 1 to
T	 It ROWS ANO 6 COLVPNS NIURMALI ZED BY LAEF 9"ENCE X—Y SCALES -LREF
CHECK CASE 9 THR Ff:
.
 0101ENS IONAL REACTING BOUNOARY-REGION - VIRTUAL SOURCE
RFrfft. FNCE	 FNGLISM—FT	 ENGLISH—IN	 M—K—S	 C!..G—S
()ONE
4PARA	 I
t62 I64	 1,61
2	 2	 2 1.E5	 143
2	 7	 2 110	 04
2	 2	 2
2	 — 175	 2 2	 2
2	 2	 2 176	 2
9	 2	 i tit	 278
2	 2	 .169 its	 167
2	 2	 z 2	 2
2	 t	 2 2
H()L I ST
LEINGTHese :o eoveo 9
vF_Lacm, 0:... .; Flr/ S'i,,i
DONSITyaosSO404 . top$
.- 
F . Tim	 0 0
TEMPFRATURF.e .RAND[	 E.,,ee
EN t-14AL OY . ,	 ., . :,. ign/L 8. 14,9 9 9 v
FRGZ,SPFC * PEAT
.
.5 Tt /L8 M— R. .
v[s.c6s Ity'. .Lam OT- 5 mso 0:
L litAt	 P009sL0.0
60 
SFoioae0*@:*
LOCAL SOLUTION "A'c'" NO*,
1t
R
XI/LRfF	 DIN I/LREF	 EPSILON	 OXIMTN/LREF
ICNUMR -1
	
200	 4* 4 73	 200 21 200 2*27
	
200	 10 200	 2* to	 2.00	 58	 203	 59 200
	
200	 57 20C 57 200	 200 30	 200	 30 20.0
	
200	 38 700 2*30
599
	
200	 36	 36	 36	 36
200
	
el
	
100	 134	 122
It
	
12	 14	 E5
WSW -1
L248 285 3.20 284 10248
224B 778 4248 424E	 E248
1247 334	 252 314
T U ► T•HS.PHO , N?9VipCP *Hlf]T9,H2 n2,nIFUrPR Nfl*•LAM n VISE . *SCT.NG.
TnMULT -1
I4*2
T U,T,HS,R H+7,N2,V,C P,HTn7,H2 ►11 2tDTFU, PR Nri. ,LAM.VTSC.,SCT.NLl.
F)WRI Q T 2
	
+11/Ug E F 	T/TRFF	 HSTAT/HRFF	 PHURHOREF	 £LEM.N2 MAS.FRAC
	
X1711}RE F 	rPF/CPFREF	 HTCT/HRFF	 FLEM.H2 MAS.FRACE:LEM.nz MAS.FRAC
FFF.Mt1 / 4119FF	 FP=. PRANOTL N13.1w UMUPFF	 FFF.SCHMII , CT NU,
C 1?MOC.
r ESCR I P t
ri4r-CK CASF,THRFF nIMFNSICNAL REACTING RCINOARY RFGTrN - VIRTvAL sauRr.F
0, 2/n e'/AIR SYSTF4 NI TH r-QUI LI BR1 UM CHE M ISTRY!. PRCR LEM crN53.LEc^fi)
RFPR.FSFNtS TRANSVFRSF H2 IN.I F CTI0K INTO A SUPEIRSONTC AIR STREAM
C, hAR AC T€A T ST IC OF SCR A-14,JF T FUEL I N'3Ef TI Ch, SFF R.nr ERS NASA TNC-6114,
I97I A sin NASA T w'0'- 04416, j ig 71 PER FxPERIMFNTAL STUCY O F TI-IS PROALEM.
TU'? R+il FNrF 14P f)FL FMPL nVF.n IS nfSCRIPED IN USER I S MANUAL NASA CR-132450,1974-.
CALCULATIONS ARF STARIFO LSTNG VIRTUAL SOURCE CONCEPT TC REPLACE
COMPL e K Nr- AR . IN,I F CTIGN FL01% FI.r-0.
^7r'NC
Vx?5T
	
oln	 1000	 T w  TAP:[ FCR FRESSURF
VpVSx
	193,	 193,	 T PRESSLRE TABLE PSF
IPINT	 -1
	
1	 4	 P.	 1C	 c	 3	 2	 T INT-:,PATE Ul *FKTH.9C.29N2,H2,U3sU2
K FNC	 l
uT'Ttn.4	 n[NE
FT x r S U  (VAR.TARLF N0. 1) ALM', WAL.I. TO INITIA L. VA:LUF
K Pyl]	 7
POT-T-14	 rC_NF
FIXF•S (17 (VARIABLE N0. 21 ALCNG WALL TO INITIAL VALUF
v ONO	 4
A OTT^lm	 3f)CN F
FIXES H (VARIABLE. NC . 41 ALCNG WAL.( TO INITIAL VALUE.
K:M
	
B
NOTTO14	 3CONE
F INE 'S H	 (VARIABLE Nee :81 ALONG ,WALL. Td tNITIAL. VALUE
K ONO
siOTTnK	 30ONE
PIXFS H	 #:VARIABLE NO	 91 ALCNG MALL TO INITT "AL VALUE	 _ A
^t. BNt^	 1p
010TTnM	 3DONE`
EI'XFS H	 (VARIABLE • N0. 10 ALONG WALL TOi INITIAL VALUE
TtALL	 -1
2.	 2	 2	 1 1	 2	 T
ItALLS	 -1
to
	
A	 . 4	 12	 S A	 3	 T.
WiK 1
EMP	 -9'S
,T	 IN TT T:AI; TOTAL TEMPERATURE PROFILE
VrY	 -2;
6*0,o
6*1660.
2tlSSO	 4s L7S9.. -
2^';'SQ.	 44i1E33.
2* 13S0.	 pit t 092.
24t27^	 4*1^4
2*2272..	 4*1 50s	 .
2*Z272
	
4*ZC74.
2.2x72..
	
4*216%
b*272.
T	 INTT :IAL	 U1 PROFILE
VY1I . ,
	
—27
IN i T 1 'AL Uz ORMOWLEi	 VyY^O	
2	 .
VM1F
18#0;'33
	
2P0 0	 4*.2d3:	 2 '000 4# 23	 2	 Q 344.252
T INITIAL n2 MASS FRACTION PAOF[.LE
1fYiFND	 !!
_	 lB*a 74I	 2* 0 0 . :	 4'*w 767;	 2#0.+7. 4 ,kr.7.,6:7	 2*0:.0 34M.7bT
T" 14 TT T'AL. 01 144- . $ . S FR AC'T .(]H PROF I LE
VYY" ENO	 10
VYX
19*0.0.	 201. 0 	 4*04	 2#1.0 440 0'	 2M oO 3401000"	 1
' T .	 tN :l T [At	 f!2 MASS. .ERACfT .CM . PRnF:T>LF
VVY EM Y	 A
M INT
.Q`ESCR IP T
-CONE.
nBSCR .IPT...3	 .	 ,....
REFFR "ENtE ' LENGTH fLREF., 43 IPT•
R^PFR^NC:F, V-T$C'1STTYrLA1^^ ; filAR" riA "ITIE
EYAf qAT .0F1} AT .;REF". TEMPERA TURE $8 _L$'M/FT-S
FREES-TRFAIN VEL ►TCitY AT1COt^LlREF1 2:7 :FT/S
STAWT'-E.ON TF-1400 `:TUR 3F tCDNSTANTvg TRE P:I : SB QE$ R
*R'FESTRE 'A i DENSITY . Al hO; sRH©REF1 1Q" LO11lPT3
iREESTR 'AM Ak,C►4 NUMBER . 1lT So.
4TT3r IdRE:SSURE AT x0 9 PSF
^iUM$ER ;OF NEIDES	 ,: 16	 -	 -
NU!lfiF^t h^ F°N°TTE ELEML^t'S _i
APPENDIX C
SAMPLE OUTPUT FOR MACH .S
TWO-DIMENSIONAL FLOW CHECK CASE
t
y
F .
g^$
^<	 1	
^ ;i`_--
'+-5	k,	 y	 ^	 ..	 s ,:, ^ 3`y? '..rya"`. -	 ;t' fx<^.e 
s^^^^:+c=	^ sG ^	 ^:is	 : ^`	 ^-:	 i	 `^'.;rte	 v,e	 ^	
-	
^^{	 ^.^^ r-.	 .^,k	 .f ^	 ";?i' •r	 ^	 '°.r' cf yr"^,^ ^ *.v;	 Vic. t^.^.c:a^	 ^ ^,3^^":^- -, s:f}r :a ^l^^' ^-: Y`.	 `'cg,	 ,	 0 ,A,^^ I?."^;'.^ 	 T'°	 ,^. wra	 w,,:.	 ^	 '	 d	 o	 i_^''`a'r^„	 ^x.r t^	 ^	 ',F	 q.^^wn	 ^:	 µ."	 ^	 ^^w	 t	 ^^	 '°'A.
	
,.n+c"^aPu'i....,#^^a^b.	 -:.	 .	
-i•r^^,.^a+...ym.
i^x.?t ,
-	
..	 r

11.	 .3;4 35	 34 -73'9*
r a. IM XT I I- oln 'jS% Cn! VAITAft e 10 NAL-PAGE IS-52
	
T
OF PWR:QUA LM
72	 .3. 5 9	 tO
41 .
	 I.?	 Vj	 14	
.15 ]H 1.7 1,9	 zo
1	 '?,'s	 . .23	 ?kJ, AII ?r,	 2 1% 27 ?R 20	 30
a	
_ 
	 {_ t	 lf	
-eat n
yIV[TT•c
	 ^'rknlfTT^`JS
--'^ ^
^! ,3;11 ^
1-----2
	 --	 •--:_
0	 3	 f.RMM x 1	 4 KFVMTO a !	 5 NqVFT'A
M	 v^±Nt ^} 7	 Krl" :	 0	 A KPRINT s 3	 9 H_ xSfRT : p	 t0	 NV s	 0
1
. r a 	K'!k :lT
.s	
]	 ll W.P.P. _ i —fl l4 VELEK__ .4Q^_ 1$ _.	 yv =.	 _;_.-_.^ ._.- ---	 -	 ---15 4? !T	 %ilS -	 6	 1R 	 NP,1RT n 2
	 19	 +rOF s 40	 TO	 TiPp,4T 13s?I	 +n^a. ><. 6 ^a	 !Ir A	 ?3	 40. s 4	 T.4	 YPTFL s 3	 75	 K ^ 4T$	 :.a>INT : 1 >r	 YSK '1 i►. _ -	 ha	 ? 0	 . fP'► SS- _s,. -..- ^1^	 29	 T,4,JN. _^----	 --.	 n._.-0	 30. a.._--	 ------ ---w- _--2.3{l	 yF') = T V?	 1.04 %	 0	 33	 klADr, = 0	 34 LPRINT n Ifln	 35	 KPT! n 	 O}5	 rOT2 r 0 17	 KP!3 a	 0	 3A	 KPT4 s a	 39	 KVTS = a	 40	 KPT6 ororl	 .T7 '^e	 :' 9. 47	 KPT4 ' v	 _	 43	 KPr9— --	 -p	 bb	 K PTl:1 s _0.._45.	 .N	 •P =—	 a..__.—___.NF,
_' R 47	 !_. T.	 *9	 W'1'1C s 0	 R^.	 NaEE ]	 50	 LC[rL v
Y 51	 *t.A 11: f! Z.	 I(.gnv
'
-	 7.1
	 53R42 0	 FR kNll .p iF = 4	 ti5	 "1T111F a	 !'5n5b t i 1 Ir+ _"' w 5T 11S'VrC. :	 n	 cn59 NF !MN ' ^ _- ?	 5-1	 kGn.T .9{i : - - !	 hQ uyRnfJF . _ _	 .14 R •	 ! T :Jopl *4tlTL _	 5
	 053
	 N .1 01D s 11.13	 64	 NSrI 65	 W) +.	 qSf '"7 n /„t	 IV; n	 hN	 NT = 3 +1.1	 69	 MRSFT s 0	 7p	 %VP b
I I 	 `J^I^J a 7. T?	 >::1IY ` '	 2	 T3	 N.VY. n'-- 3	 74	 NV}^ s .. —_.. 4 _ 75 _	 0,_	 -- -^-	 -	 _
75 s 77	 On *	 T	 T5	 n2 _ 8	 7I	 112 n o	 AO	 NT_ s	 I0
-	 AI	 3 x
'
1.1 u? A	 12	 A3 	 't = 1'3	 94	 RO !4	 85	 PH .	 15
^►4	 -CA4T n n.. 01 .YQ.T Sr`r _. -	 0	 R}1.	 NL .TNP -- %- 40
	 99	 NF^0... : -- 2TL . 91	 Nr+e "_	 ^.	 .... _.-	 ..	 -
R I	 vFT 2 n7	 knrv7 s	 0	 93	 WK w 2	 94 NUPA`hA = 2	 95 144 =	 2
cF	 sr TaCr. . w a rT A	 99,	 . 1 VAT s 1	 nr► 	 VAL s 1	 100	 Tg EV11 s 25940
. Tl	 ^S i^3	 x^.r^' a 17j	 H7H s — ._ D lino	 YFI IP -=_ __ I _.1 15 -. . K4;Cr 1+17 -11G kn ► .tS1' 7 t o's	 mn = 0 tnq 	TIM T a D	 1'I r! _	 J
s' 1 $ I	 !'!1Y s 3 1-72 ?CALL'{”? -	 a 1 r 3 KPE VAYt = 2I!4	 NINn = 0	 115 I;fgP GF s	 ¢!!+•	 r	 ltii T.' = 0 1:17	 1Fr;n1 z	 ._...-^ !!3	 T4u^,2_ —._.a 1f9 .. 4r.9I, _-, n	 120	 1FR' 1	 -	 -- -	 — - -
1, I
	
^q; cC a . . n ESaa	 1 pi^i ; i a	 ^1 I?$	 1(AS _ 0 C24 -43Fie1V A	 125' NCAI:LS 7
".: a-2R T:nrF"t 0 Ill Trn,ikaT _.	 -1T3N ICNTOM g
.._.—..^
50 2 110131
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..
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0	 f40
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-.:.	 ..'',: 141,_ .. 3
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O.`10u)1 0..1e497 0.16479 C.185C3 0.16511 0.18515 0.18515 0.20839 0.20900 0.21381 C.22255 C.22649 0.22664
0.!i0)) 0.34934 0.34 1,52 C. 1 50i.9 00-6031 0.35034 0.35034 0.21263 0.23046 U.28726 C.3C935 0.31272 0.31289
0.475. •3 -- i.3i 707 X1.'.6:47 s	 's6H1 7 t^:3[ir5^0.3685' 7X354 O.T4T5I-C:Zn:7d ;	 5d1 d.3^i283 -0:35245 d.3S213
0.3^"•1J F,.31L71 0.17476 0.37C 1:1 0.37061 J. 37 03 9 0.37038 0.4UO62 0.50546 C.52116 (1.4 1)090 0.46825 0.46755
0.37.6)!  0.1117? 0.'71165 C.371 14. j. 57138 0.37095 0.37091 0.59682 0.60696 0.62055 C.56217 0.51 0 09 0.51461_
J.JSC•,. U. 17273 U.'103 C.]727C U.37212 0:371164'0.37155 :765351-Ti.69551- 0.64bST 0.6 -)416 0.5tc75 0.56185
0.200)3 0.37359 0.37359 0.313	 7• C.37306 0.37266 0.37260 0.78157 0.78157 0.77780 0.716CS 0.68818 0.68205
0.L50)J 0.31441 0.3701 5 C.37439 u.314CR 0.373119 0631380 0.86310 U.841)s C.66155 C.81CZ4 0.61153 0.SC272_
-	 6.133). - 2.37447 [i:;"7^Oi5- 0:075 E u.374^i3 - 0:37472-f!."3T4F2- 199&--G.922C3 0.93022 0.913 h0 0.51479 0:9C420
0.05[ 1 .x. 0.4727:61 0.51478 0.45<N13 0.51450 0.52&22 0.66923 0.97619 0.96473 0.97042 O.S6647 n.V6971 0.95434	 1
O.J-30.1:1 0 . 01i)U0 U.O1JUC 0.010JC 0.01000 0.0104jU 0601000 0.99956 0.999(s4b 0.99996 C.59996 0.99996 0.95996
E	 1 O.0).7GJ 1.07500 0.125('C C.25000 0.40000 0.62500 0.016000 0 ,07500 0.12500 C.25000 0.40000 0.62500
- - - - •--'FT'F .-Rk e')Ti TL
	
ST;.	 F- d - - --- - ° SC}T?UTNn-.-	 E----G--'EFF: --	 - -
f	 1
C.71001; 1.70010 0.7Cn,'U C.7000O 0.7UJJO 0.71n00 0.70000 0.7u000 0.10030 0.70000 C.10000 0.70000
-'	 0.n50:J J.73..r U.'?Uuuu C.700..0 L.7000U 0.3.7000 0.7000) -' U.7000D-IT.700GJ 0.70000 0:7001)1? 'G.7000O 0. 70000	 -' --^
0.415 .10 0.70300 J.7CCGC :.7C.^CC C.'IOCCU G.7COJJ 0.7UOOO 0.70000 0.70J(in 0.700JO C.7000O C.7000O 0.70000
;).15;,1) 0.71U0u 0.7000C G.I	 riz C.77,1 00 0.70000 0.70000 0.70007 0.70000 C.70JCC 0.70000 0.70000 0.70000_
0. 3^. GJ	
_	 0.7':vui 7.-7CJJ^ ff.70GG0' u'.7%CCG "0'.70700 d:7D.70 0. 700013-0-.T0000 - C-.70000- C.70000 D. 7COCO O. 70000 -	 -
0.Z5:)j4 C.70UUJ J. C.71-OU 0.7u9CO C.7J000 0.70000 0.70000 0.70000 0.70300 0.70000 C.70000 C.70000 .
1.lOJ:J 0.7ZOCC J.70JU0 C.70' 1:0 G.IUDOJ 0.70000 0.70000 0.7UOOJ 0.70000 C.70000 0.7001;0 0.70000 0.7C)00
-	 G. (5000 -	 0.i 1`uJ G.7GGb0 N.700`C %7000G0.7^^^0 1.70000---`^:7GdOa d -70000 0.70000 0.7000C 0.7COCO 0.70000
J.IJ;.JJ 0.7JUDU 3.70J00 C.70CCO C.70OZO C.73OuO 0.71000 0.70000 0.70000 C.70000 C.7000G 0.7CCCO 0.70000
0.79001 -0.7!'000 S.700,JC 0.70000 0.70000 0.70000 0.70000 0.700GO 0.70090 C.70000 0.70000 0.70000
0.10030 4: 700136 073'103-17:70000-^.^O^CD`O^OdIIO-0:7(3000 u.TUUUD u. tODUTL-.70300-C!70000 --U. 70000 Ui7000O -
c 	 L O.JJUO3 0.07500 0.12500 0.2.5000 C.40000 0.62500 0.00000 0.07500 C.12500 0.25000 0.40000 0.62500
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APPENDIX E
LISTINGS OF AUXILIARY USER-WRITTEN SUBROUTINES FOR EDDY
VISCOSITY, PRANDTL NUMBER, SCHMIDT NUMBER, AND
LAMINAR VISCOSITY FOR VIRTUAL SOURCE SIMULATION.
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SURknL)T INE
	 CFCFRL 10001
(	 [NCOL,	 INDEX,	 INURE,	 IPINT,	 XLCUR,	 X2COR,	 AREA,	 RHO,	 RHOU, 10002
1	 U,	 W,	 Y,EPSLN,,YY,	 SCHMT,	 F1,	 F2,	 AL,	 GAMMA	 ,CF!JV2	 ) 10003
C 10004
C TWO LAYER FODY	 VISCOSITY MODEL FOR	 COLD FLOW HYDROGEN MIXING 10005
C E1	 = MIXING LENGTH MODFL 10006
C E2 = MASS DEFFCT MODEL 10007
C CCIMPUTF	 FODY	 VISCOSITY	 IN	 TERMS OF	 AON-DIMENSIONAL	 PARAMETF.S 10008
C BFFI)RE LEAVING	 SURROUTINE ,0IMENSICINALT ZF	 iiY 10009
C FACTMU = ALC * RHDREF * 	 URFF 10010
C YI(2)-	 NON-1)[MFNSIONALI7ED	 BY ALC 10011
C U(U1)-	 NON- r)IM rNSIONALIZED	 RY URFF 10012
C RHO	 - N(1;4-DIMFNSIONAL 17FD RY RHnRFF 10013
C 10014
C Cr1N	 = MIXING l ENGTH CONSTANT 10015
C C4ED = MASS	 DE F FCT CONSTANT 10016
C OMEGA	 = VAN	 DRIEST DAMPING FACTOR 10017
C GAMMA	 =	 INTERMITTENCY FACTOR 10018
C XMSDF	 = MASS	 DEFFCT	 IN REGIONS CONTAINING ONE	 PERCENT OR MORE	 H2 I001.9
C (NOT	 THE	 USUAL	 DEFINITION	 OF	 MASS	 DEFECT). 10020
C ARR	 = AREA O F 	 F LOW CONTAINING QNE	 PERCENT OR	 MORE	 H2. 1002:
f FlF2SW	 IS LCICATION	 DOWNSTREAM	 (FT)	 WHERE	 THE	 TURRULFNCE	 MODEL 10022
C SWITCHES FROM COMPLETELY MIXING 	 LENGTH	 TO	 THE	 TWO LAYER	 MODEL. 10023
C F1EZSW USED ONLY	 FOR	 VIRTUAL	 SOURCE	 SIMULATION 10024
"	 C PCNT	 IS	 THE PERCENT OF	 142 DE F INING	 THE	 OUTER FOGE	 OF IOU25
C THE	 MIXING	 ZONF. 10076
C NOTE -	 SPECIAL	 SU rISCRIPTING	 1FCHNIUUF	 USED	 TO	 LOCATE	 Y(X2`,U(U1) 10027
C AND RHO RUNNING UP 	COLUMNS OF NUDES.	 THIS WAS	 REQU'RED FOR 10028
C COMPUTING MIXING L! = NGTHS AND DERIVATIVES OF	 UL	 WITH	 RESPECT	 TO THE 10029
C NORMAL.	 TO	 THE	 WALL,(X2). 10030
f NOTE	 -	 CONSTAr'TS
	
WF O E	 DETERMINFO R Y	 FITTING	 PRF[)[(.TIONS	 TO	 DATA OF 10031
C ROGERS,NASA TNT) -	 6114,1971. 10032
C 10033
C IF	 DERUC PR INT OUT	 r-OR	 El
	
AND E2 C[]MP(JTA TI ONS 	 IS	 REQUESTEO, 10036
C SET	 [WRIT	 =	 1 10035
C 10036
OI M FNSTnN	 Y(1),	 P HO(1),	 U(1),	 ALFII),	 TEh1P(11 10337
OT M FNSIDN	 INCDL(1),	 TNDFX(1),	 AREA(1),	 INJDE(I) 10038
01MENSI(IN	 XICOP111,	 X2CnR111.	 RHOL1l1),	 W(I),	 YY(I),	 EPSLN111 10039
DIMEN S ION
	 F1(1),	 E2(li,
	
AL M ,	 GAMMA(1),CFOV2il) 10040
DIMENSION	 SC.HMT(11 10041
CiJMMON	 /	 VAPRLF	 / RA Q RAYl00200),	 IARPAY(0400) 10042
E o U IV AL FNCE	 (	 14R F<AY(0J0I of	 NNC OF	 ) L0043
EQUIVALFNCK	 I	 I:4RAY(00030),	 NP	 1 10044
PQUIVALrNCF	 I	 IARkAY0u0G47).	 LG	 1 10045
EQUIVALENCF
	 1	 IARRAY(00070),	 NVQ3 10046
FOU[VALENCF
	
1	 IARRAY(00071),
	
NVU	 1 10047
EQUIVALENCF
	 I	 TARRAY(00090),	 KPNT	 1 10048
EQUIVALENCF
	
(	 [ARRAY(00107),
	
NE1F2
	
) 10149
F011IVALFNCE
	 (	 IARRAY( 00108) , 	 NIIQ3	 ! 10050
EQUIVALENCE	 !	 IARRAY(00111),
	
I'IAX	 1 1OG51
EQUIVALFNCE	 1	 IAR R AY(00122),	 IWPIT	 ) 10052
EOUIVALFNCE	 (	 [AP. RAY(00141),
	
KALLQ3	 ) 10053
EQUIVALENCE	 (	 14RRAY(00143),	 NT	 1 10054
EQUIVALFNCE
	 (	 IARR AY(001441,
	
NS	 ) 10055
EQUIVALENCF	 (	 IARRA V (00145).	 NS2	 ] 10056
FQUIVALF.NCE	 (	 RARRAY100003)
	 ALC	 ) 10057
EQUIVALENCE	 I	 R ARRAY(00021),	 PE	 1 10058
EQUIV ALENCE	 (	 RARRAY(OOD23),	 TIME	 1 10059
EQUIVALENCF	 1	 RARRAY100038),
	
XMIIINF	 ) 10060
EQUIVALFNCE
	 (	 PARRAY(0005G),	 FACTMU	 1 10061
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..
EQUIVALENCE { RARRAY(00101), YUP
FOUIVAI FN C.	 ( PAR E) AY 001141, XMSDF
FQUIVAL F;4r,,F.. ( PARRAY(001241, CON
EkJUIVAL FN( E ( RARRAY(00125), XLAM
F Qt) IVALENCC ( RARRAY(00126), XMUAIK
FQU IVAL ENCE ( RARRAY4001271, XMUH2
FQU[VALFNCF ( RARRAY(0012.9), XMUP5
F(JUTVAL ENCF t PAR R AY(00129), SCT
EOUIVAL E N C F 1 R APR AY(00130), C4E0
EQUIVAL ENCF I PARRAY(00133), PCNT
EQUIVALFNCE ( AARR4Y(00134), Q3MAX
EQUIVALENCE ( RARRAY(001431, C4FOSW
EQUIVALENCF ( RARRAY(0?1441, (-.4FACT
EQU[VALFNCF ( RARRAY(00145), FLE2SW
F0UTVALENCE ( RARRAY(00010)• PHOREF
E ,JU I V AL FN CF ( R ARRAYf01027), UP EF )
E:JUIVALFNCF f R ARR AY ( 00046) , UE
EOUIVALENCE f 2ARRAY(00048), RHOF I
C
C
	
SET CnNSTANTS FOR TURdULENCF. MODEL
C
AVO	 = 25.3
CnN=0.335
C4FD=0.0007
FLF2SW=0.02
PC, NV=1.0
USAP	 = F4CTMU
XLAM=U.0753
XMUW	 = AVC 1 XMUA IR
I'1 AX= 2
FRAC	 = XLAM / CON*.7
C
C	 OENUG nLITPUT HEADINGS
C
C
IF ( NT .E , ). 0.AND.1W P fT.GT.0) WR[TE(6,9600)
9600 FnRMAT (1H1, 9X,6HF1(LL) , 9X,6HAL(LL) , 6X99HGAMMA(LL) , 10X,
*5HU(II) ,22X,dHY(KTF.)I) .5X,10HY(KTLTI-1) r 9X,bHRHn(l)
	
/ )
9610 FnRMAT 1 iHO, 8115 / 8F15.5 )
14620 FnRM4T ( 1H , 5( 4H E2(, 13, 3H) =, E13.5) i
C
C.	 INITIALIZE ARRAY COUNTERS
C
XT	 = TIME * ALC
I F ( NS .C,T , 0 ) GO TO 30
IF ( XT .L T. E1E2SW I GO TO 3n
NELE2	 = 3 - NE LE2
KPNT	 = 1
NS	 =	 1
30 CnNTTNUE
I F ( NS;.GT. 0 ) Gn Tn 40
IF ( XT .LT. C4FDSN I GO Tn 40
KPNT	 =	 I
NS2	 = 1
40 CANTINUF
C
C	 SET UD ARRAY INDICES.
C
NP	 = NVU
CALL LINK3 (	 1, UfL1, Y Y ( Ii I
NP	 = NVo3
CALL ( INK 	 (	 it W(1), YY1	 LI	 )
DI 103 K = 1, NNODE
100	 RHOU(KI	 = (I(K) * RHO(K)
10062
1306 3
10064
10065
10066
10067
10058
10069
LOU70
10071
1Do72
10073
13074
10015
10076
10077
IOU78
10079
10080
10081
10062
1008 3
10084
100x15
1-)086
10087
10098
10089
10090
13091
10092
10093
10094
10095
10096
10097
10098
10099
10 l0U
1J 1U[
11102.
13103
10104
10105
10106
10107
10108
13109
10110
10L11
10112
1011.3
10114
10115
10116
10117
10118
10119
10 110
10121
1012.2
10123
10124
10125
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r6L2
691 011 1	j	I'A	=	I d IN
89101(1dl)OH8
	*	(Ili-1I31H)A	-	(11311111	)	T
18101/fII)n-(IdIMI	IS UV* I IIIVWNVJ$V!)1w0*(-11) IV* IIl)IV	=	fll)13
96101
S8101Z3	bu	13	WOaj	U31J313S	A11S03SIAO
49101'U311I3	36	II IM	H31HM	SbUlJ3A
	
18V	H104	'Z3	(INV	13	31f1dwU3
£8T 013
78T OTf	S'**(	OAOHb	*	Mnyl	1	*	Mn-,x	# (UAA	-	1	dX3	- V`J	WU	=	V53W0*
1910T(	0'0
	
'1`J'	Mnvi	)3I
013101OIV*(1-1141'I)A
	=	OAA
6L10133)1OH8	*I I d 	)OHM	= UAOHd
13L701(b$*	Ix
	
3	'T	)	/	'I	=	f 1-1)vkAvJ
L11019ONJINO3061
9LIOTdnA	*	wvlx	=	(11I1V
SL10I061
	
01	OJ	(	dnA*3vnj	'1l•	(I-11j11♦)A	)	jl
17L1 01(1 -11!?i N) A	*	NUJ	=	(II ) IV
£t-101I1-W31N)A	/	IT-Il31XJA	=	1X
ZLIC1AnN1.1NOOOLI
IL1013F1N11NOJ091
OLIOTOLl
	01	D9	l	1N3d	'19'	IVA	)	jl
69101CI	-	14	=	XV61	(	1N3d	'19'	11,A	)	jl
89101f1-rI-W91N)A
	=	df1A	(	1NOd	'1:)•	IVA	)	jl
L9101(
	xvv4EO/	III )M	)	sbv	=	IVA*
99T0T(	£	'0.."	E00N	)	31
S91013
479101Nr!111V'd1NJ:)NU) N30OZ16AH
	
:10	AdV(JNf)MA	b3ddn	3N11tiaj1303
£91013
Z9101f	0"T	-	(Ill )n
	
/	(11 )(l
	
)	59V	=	IVA
19TOIf [-fI-W311 )x30N1	=	11
09101ZWh	'1	=	fl	09T	UU
65101Il-W3111)x30N!	=	n1
135101Z	- W	=	2ww
LS101IT-w31)♦)A	=	dfiA
9ST01Tat
SSTOI(1-1131H)X30N1	=	1
175101I	-	Il	=	11
£5101W	'Z	=	11 OOZ 00
25101I111)A
	*	Nu3	=	(1	)lv
1SI010'0	=	(1)13
051010'1	=	(I)VWWVO
6471010'1	=	v93V40
84710103f) # Q3f)
	* U3UHb #	()00ZAU33	=	Mnvl
14710133 bf)	*	3n	=	03 11
947101d3dOHa * 3()H8	=	030Hd
941 013
4747101KJ1:)Vj ON1dWV0	1S318AO	NvA3
£471013
Z47T0111-W31NIX30N1
	=	N
T471O1009	0.1	110	(	Z	'1l•	w	)	j1
017101INN)IU3N1
	=	W
6£ 1 OT01
	'1	=	1+1!	009
	
UU
8£T01
L£I()I'(AWOWSBV
	
z VWWVO * V93HO * Z**1 = lj3
9M )I)I1-160ki H19N31 ONIX1W	:4indWU `J
5£10T3
471:1011	=	1>t
££101(Mtty)	1,d0s	=	bbd
z£T of3
1£10I(	2HdV	'nUHB	'M	'V3dV	'3UUN1	)	3NOOf0	IIVJ
0£T01J	'
67101'133JIO
	SSVW
	
31n4jWU33
8,11011N33Hd 0'1'10'3
L7101S13A31
	ZH ON IN IV1NO3	VAdV	31f1dWI)YNO113Vi13	SSVW ZH	' xv6.	31ndNUO3	-
9I1013
KTPM	 =	 K T	 F.	 1I	 -	 1 10190
I F	 {	 NT	 .NF.	 0	 )	 cn	 TU	 250 101,)t
IF	 (	 LWPIT	 .LE.	 0	 1	 Gn	 TO	 250 10192
WRITF	 1
	 6,
	
9610	 i	 LLr
	
LLo	 LL.	 IP1,	 I.	 KTPI,	 KTPM,	 IPI, 10193
#	 E11LL),	 AL(LL).	 GAMMA(LL)tU(I /ll.U(I1,Y(KTPI).	 Y(KTPM	 I,RHOIIPI) 10194
250 CONTINUE 10195
200 Lf)NT INUF 10196
I F	(	 KALL03	 .EQ.	 0	 1	 ARR	 =	 YIKTZ;M-11 10197
TEMPI
	
=	 C4ED *	 XMSDF	 / ARR 101,48
Dn	 400 J	 =	 1v	 M 10199
EZ( J )	 =	 GAMMA (J )	 c	 TEMPI 10200
400 CUNT INOF 10201
I F	 (	 PAR IT	 .GT.	 0	 .AND.	 NT	 .EQ.	 0	 ) :)202
*WRIT F	(	 6.	 9620	 )	 (	 K t	 E21K1,	 K	 =	 I.	 M	 ) lU203
c 10204
C IF	 Fl	 IS LESS	 THAN	 E2 9	USE	 E1.	 WHFN E1	 BECOMFS GREATER	 THAN E2 US 10295
c E2	 MR THE REMAINDER OF	 THE COEFFICIFNTS. 10206
c 1011) 7
KODE = 0 10209
DO	 500 K	 =	 1.	 M 102J9
J	 = K 10210
I	 =	 INOEX(KT&K-11 10211
IF	 (Kn7)E	 .Ef).	 1)	 GO	 TO	 450 10212
IF	 (	 K	 .GT.	 IMAX	 )	 Gn	 TO	 450 V)213
F P S1.N( I)	 =	 L I( J 1	 USAR 10214
GL) TO
	 475 10215
450 C(1NTINt1F 10216
KODF =	 1 10217
IF	 (	 rvC 1E2
	 .NE.	 2	 1	 Fa SLNI I 1	 =	 F 11.11	 (1SAR 10119
IF	 (	 NFI F 2	 .EQ.	 2	 )	 EPSLN(II	 =	 F2(J)	 #	 USAR 10219
475 CONT INUF 10220
500 CONTINUE 10221
KT	 =	 KT	 F.	 M 10222
600 (.UNIT INUE 10223
MT	 =	 1 10224
RFTURN L0225
FNO 10226
220
L	 f
